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A B S T R A C T 
A well planned transport system can play a crucial 
roln In the growth of undovnloped regions of a country. 
Without adequate facilities of moving goods and people from 
one place to another a country cannot achieve economic 
progress. Growth of transport network enables the society 
to enjoy the advantages of specialisation and division of 
labour. Transport is basic infrastructure of economic 
development. It helps the growth of industry, agriculture, 
trade and commerce. No doubt some concrete development of 
roads and road transport Byntrm have been attempted hio 
post plan era. yet there still remains a lot to be 
accomplished in so far as the development of road transport 
on right lines is concerned. There are a number of problems 
associated with the development of road transport in the 
country. Their solution with concerted efforts on the part 
of the transport operators, the government and other 
agencies is urgently called for. 
There are many Strate Road Transport Corporations 
in this country which are developed. These are Maharashtra, 
SRTC, Andhra Pradesh SRTC, Karnataka SRTC, Gujrat SRTC, 
Kerala SRTC etc. Their corporations like BSRTC, Pune MT, 
Solapur MTU, Kolhapur MTU, Thane Municipal TU, etc are 
having very poor performance. The UPSRTC also comes among 
the low profile corporation but, it is some what better 
[2] 
than the BSRTC. In this thesis, a comparative study of the 
two corporations of Bihar and U.P. has been made so as to 
arrive at conclusions for mmoving tho dofocts of working 
of these corporations. 
Many vehicles of the BSRTC at present are lying in 
the workshop for a long time and they need repair. The 
number of buses of Pimpri Chichwad MT were 276 on June 
1992, Pune MT635, Solapur MTU 105, Kolhapur MTU 102, .and 
Thane Municipal TU 80. The physical and financial 
performance vary from one undertaking to another. Accidents 
rate also vary in different corporations. There is need to 
update the condition of the BSRTC, Annai Sathya TCL, 
Nesamony TCL, Kadamba TCL, Andaman & Nicobar ST, Tripura 
RTC, Pimpri Chichwad MT, Solapur MTU, Kolhapur MTU, Thane 
Municipal TU etc. 
The condition of the UPSRTC is better than that of 
the BSRTC but it is much behind other developed SRTCs 
of.this country. The development and growth of the BSRTC is 
comparatively slow when it is compared with other State 
Transport Corporations. The BSRTC actually came into 
existence on 26th January 1953. It is noticed that, the 
road trnnsporfc in tho stnto of Bihar hao boon given 
priority in the plan period only. It prospered during 1st 
nrid Ilfid plntin ntid Lhon dt'vr J opmont became atagnaiit during 
[3] 
the remaining plans. The number of vehicles available with 
the BSRTC is lower than this number in the UPSRTC as data 
of both corporations would show. Bihar Government plans to 
increase the number of vehicles but it has not been 
possible till now. There is an urgent need of fixing a 
reasonable return, structural readjustment in future 
investment, maintenance of highways and other roads and 
their impact on bus transport of Bihar State. There i3 need 
of efficient road, strict petrolling of vehicles on route, 
and serious vigilence of Government to keep up the status 
of the BSRTC as is done in Karnataka, Gujrat an^ ^ even in UP. 
Government should give full power to take actions to the 
top level management where carelessness and dishonestry are 
found. There is a serious talk about dismantling the BSRTC 
on account of the losses suffered by the corporation. The 
Govt plans to privatise the corporation. 
The operational activities in the road transport 
sector of Bihar have resulted in numerous complex problems, 
as a result of these problems, it becomes very difficult 
for decisions to filter from top to bottom of the BSRTC 
well in time, this seriously affects the decision making at 
the operating levels. 
In 1959-60 34 lacks rupees were contributed to the 
BSRTC from different sources which increased to 77.78 lacks 
in 1960-61, Rs 70.56 lacks in 1961-62. In the year 1986-87 
[4] 
Rs 2264.49 lacks rupees were contributed which were Rs 
2230.49 lacks more than 1959-60. We observe that, the BSRTC 
received sufficient amount time to time but mounting of 
losses year after year decreased the image of the 
corporation. It can also be observed that, 1668 vehicles 
were available during 1990-91 according to statistical data 
available in the office but only 350 to 500 vehicles 
approximately are on road for service of passengers. There 
is an urgent need of improving the working and condition of 
the corporation. 
No doubt, the BSRTC is operating its service in 
some unremunerative areas. It also faces serious 
competition from railways and private vehicle owners. 
Unfavourable natural clamaties like heavy rain, flood also 
deteriorated the condition but inspite of all the above 
mentioned defects the corporation is in a poor stage of 
development. The planning commission has chalked out 
various developmental plans for the years to come for 
addition of vehicles, fleet utilisation, traffic earnings, 
purchase of new vehicles, construction of workshop 
buildings for the coming financial years till 2000. There 
is chance to invest huge amount for development and making 
the corporation profitable. 
[5] 
There is need of strict control of finance for 
developmental works. This should be implemented with the 
honest efforts of higher authorities in the state. 
The operational activities in the Road Transport 
Sector of UP have resulted in numerous complex problems. As 
a result of these problems losses are mounting year after 
year. It also shows unsatisfactory condition of employees. 
When we examine the condition of road transport it clearly 
indicates that the UPSRTC faces serious problems because of 
operation of city services where loss has increased year 
after year. In 1986-87 there was a loss of Rs 3.5569 croros 
which increased to Rs 10.57 crores in 1990-91 and Rs 8.56 
crores in 1991-92. For services provided in the hilly areas 
the UPSRTC suffered loss in 1986-87 of Rs 2.08 crores which 
increased to Rs 6.68 crores in 1990-91. 
No doubt when we examine the condition of the DSRTC 
and the UPSRTC the management, passenger facilities, number 
of buses, number of routes and different other services are 
far better in UPSRTC than BSRTC, but it is still behind the 
Maharashtra SRTC, and Gujrat SRTC. There is an urgent need 
to improve the areas like night services of the UPSRTC 
where losses are mounting year after year. 
It can be concluded that the Government of the UP 
in general and Bihar Government in particular should pay 
16J 
some attention for development of roads and traffic 
condition as without good transport infrastructure develop-
ment is not possible, we should imitate the cases of 
advanced nations like the USA, France, Germany, UK etc. 
where transportation has been given much weightage and 
ruling class always remain alert to watchout the condition 
of transport. They think that it is transport which connect 
distant places, provides facilities of distribution of 
goods and passengers, connect cities to cities, industrial 
towns to industrial units and help to reduce disparities of 
nation. 
It is now clear that road transport has brought 
drastic changes in our Indian Society to provide city to 
city service, service from Airport to Railway Station, 
village to city, Industrial towns to consumption centres, 
city to sea port etc. Government of both the states (Bihar 
and UP) should follow the pattern of Maharashtra STC, 
Karnataka STC and should watch out that as to why these 
transport undertakings are better than theirs. A number of 
suggestions can be given to stream line the working of the 
DSRTC and the UPSRTC on sound lines. 
1. By applying sound management. 
2. Utilisation of fund in proper way. 
3. Quick repair of those vehicles which get minor 
defect. 
[7] 
3. By applying employee motivation techniques. 
5. Management Information system should play dominant 
role for utilisation of fund. 
6. By reduction of accidents. 
7. By repair of bad roads and bridges. 
8. By controlling fuel expense, KMPL. 
9. By providing safe, comfortable and risk free 
journey. 
10. By managing the corporation by administrative 
officers and not by politicians. 
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P R E F A C E 
Fioad lYasnport is one of the most important 
infrastructures for the overall growth and development of our 
national (economy. For a developing country like India , i t has 
some added signifLcanoe. I t is because of this tha t the Planning 
Commission of the Government of India has directed the State 
Governmenits to establish public corporatiDns in place of 
departmental road transport undertakings to provide adequate and 
economical service to the travelling passengers and for carrying 
goods. The Road Transport Corporation Act of 1950 was enacted by 
the Central Government for the establishment of state Road 
Transport Corporations in various s tates . 
In tiic early days the road transport in Indlrtfwas in the 
hands of private sector which had only the profit motive, but now 
public transport undertaking are also playing an important role 
for transporting the passenger and goods to distant places. The 
great challenge at the time of independence was to promote the 
transport system to fulfil the objectives of Socioeconomic 
advancement as envisaged in our development plans. No doubt road 
transport in Bihar is working well but there is a need to 
overhaul and modify the management of public and private sector 
transport to come upto the rank of advanced s tates . There is not 
only mismanagement and inefficiency in the BSRTC but also unfair 
and corrupt practices. Road transport in UP is also not working 
well though the condition of the UPSRTC is far better than tha t of 
X V 
BSRTC but when we compare the UPSRTC with other developed s t a t e 
t r a n s p o r t under t ak ings , i t s position comes a t very low l eve l . The 
UPSRTC has better management and bet ters fac i l i t ies for passengers 
t han the BSRTC. 
In the present work en t i t l ed , "*performance a p p r a i s a l of 
the BSRTC a comparat ive s tudy with the UPSRTC '^' an at tempt has 
been made to h igh l igh t the performance of the UPSRTC. The 
performance of these under tak ings has been compared a l so . 
The objectives of the s tudy a r e : 
To h igh l igh t the main problems fAced by the BSRTC and 
the UPSRTC, (i i) To inves t iga te the v^orking condit ion 
and l iqu id i ty condition of both the corpora t ions , ( i i i ) To 
examine the performance of top and low level 
management and employees, (iv) To inves t iga t e other 
conditions of both the corporat ions a t present , (v) To 
sugges t ways to increase the working capac i ty of the 
BSRTC as well as the UPSRTC and to recommend points of 
reforms in the i r working and management. 
FRAME WORK: 
Keeping in view the objectives of the s tudy the p resen t 
work has been divided into six c h a p t e r s . 
In the f i r s t chap te r an attempt has been made to su rvey 
the condition of Road Transpor t in I n d i a a conceptual frame work 
of develxDpments and problems has been provided . The su rvey of 
l i t e r a tu r e has also been given. 
The secxjnd chapte r por t rays the performance a p p r a i s a l 
of trans^xirt unde r t ak ings . 
In the th i rd chapter the evolution and development of 
the BSRTC has been presented. 
In the fourth chap te r of our s tudy an a t tempt has been 
made to appra i se the performance of the BSRTC. 
In the fifth chap te r the performance a p p r a i s a l of the 
UPSRTC has boon examined. 
In tlie sixtli chapter a comparison of both the 
corporat ions has been made for a r r i v i n g a t conclusions of the 
s t udy . 
HYPOTHESIS: 
Before s t a r t i ng the present s tudy a preconceived notion 
was in m/ mind about the UPSRTC and the BSRTC. My feeling was 
Uiat the UPSRTC would be better than the BSRTC. There is no 
doubt t h a t the UPSRTC & BSRTC also face a number of problems 
that?'*faced by other corpora t ions . 
I t can be s ta ted t h a t the road t r a n s p o r t in I n d i a has to 
undergo a number of t ransformations to r each the s t a n d a r d s as 
s e t out by the developed countr ies of the world. When we 
compare the performance of UPSRTC and BSRTC with the Road 
vx 
Corporations of some Ind ian Sta tes , they are f a r behind from 
those s t a t e s . What are the a reas in which they Idg behind and 
how can they be put on sound keels ctre the i s sues which should 
a t t r a c t our at tention in th i s t h e s i s . The parameters for such a 
comparat ive s tudy may be the t raff ic performance, cos t 
effectiveness, customers sa t i s fac t ion , personnel performance, 
f inanc ia l performance e t c . e t c . 
RFSEARCH METHODOLOGY: 
In the completion of th i s work I have re l i ed upon 
secondary da t a , vi7 journa l s , r epo r t s , pe r iod ica l s , s ta tements , 
Government Publ icat ions , and other l i t e r a tu r e s e t c . for making an 
examinat ion, ana lys i s and inLorpretaticn of the d a t a . Some 
pr imary da ta were also gathered from the BSRTC office in Pa tna 
and the UPSRTC main office in Lucknow which became very useful 
in completing the present work. With the help of these d a t a and 
the i r in te rpre ta t ion and examination frui t ful conclusions and 
f indings have been formulated a t the end of the s t u d y . For t h i s 
some help has been taken from the personal in terviews of the top 
officials and other functionaries in these two corpora t ions of 
Bihar and U.P. 
vii 
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CHAPTER - I 
ROAD TRANSPORT IN INDIA-A CONCEPTUAL 
FRAME WORK OF DEVELOPMENTS AND PROBLEMS 
1 
, An efficient transport network is a prerequisite of 
economic dovclopmont. Witliout adequate facilities for 
moving goods and people from one place to another a country 
can not achieve economic progress. Growth of transport 
network enables the society to enjoy the advantages of 
specialisation and division of labour. It also helps in the 
expansion of the market for goods and services through 
increased mobility of labour, raw materials, and finished 
products. Growth of transport also increases employment 
opportunities and purchasing power in the economy. A well 
planned transport growth can play a crucial role in the 
development of economically backward regions of a country. 
It can exert a unifying and integrating influence upon the 
economy by bringing villages and towns and the remote and 
more developed regions closer to one another. This chapter 
focuses on an appraisal of the role and performance of 
transport undertakings as a means of making the economy of 
this country self reliant. 
The transport system comprises a number of distinct 
services such as railways, roads, road transport, ports and 
shipping, inland water transport, air transport etc. There 
are also other specialised modes of transport such as 
pipelines, ropeways, etc. The capacity of each mode of 
transport has to be developed to meet the specific demands 
for it as well as in relation to the overall transport 
system. If the country has to derive optimum benefit from 
the transport system, the different modes of transport 
should be planned in' such a way that they become 
complementary to each other to the extent possible rather 
than competitive. 
The transport system should be viewed at each step, 
both as an integrated structure as well as in terms of 
relationship between different transport services. As an 
important sector of the national economy, transport 
planning is characterised by long range investment, much of 
it devoted to the creation of basic facilities such as 
railway tracks, ports, air terminals and ship building and 
repair yards. Invariably, investment in transport must look 
beyond the current and anticipated needs of the economy and 
take into account long term economic, technological and 
scientific developments. 
A national transport policy, therefore, must seek 
to build a transport structure of the right size and 
pattern, consistent with the scheme of economic development 
envisaged under the plans and capable of meeting the 
demands of future . 
1. NAIK S.D., The Economic Times Research Bureau, The 
Economic Times, 23-Aug. 1990. 
Roadways are the nerves of a country through which 
yooila niid pooplo move rroiii p]nce to place. Particularly in 
India, nearly 70 percent of the freight transport is 
carried by the roadways. But so far no serious effort has 
been made to improve our roadways. The much talked about 
coordination between railways and roadways, has not made 
any head way. Recently the government took some steps by 
enacting the motor vehicles Act etc which will go a long 
way in bringing the desired development in the road 
transport sector in our economy. 
Road transport is Lho most important moans of 
surface transport. It has a significant role to play in the 
economic and social development of the country because its 
routes lead to industrial and agricultural development and 
help in the solution of certain economic problems. In fact, 
it is basic infrastructure of economic development. It 
helps the growth of industry, agriculture, trade and 
commerce. 
Jeremy Dentham has rightly pointed out, "Roads are 
the vein and arteries of a country through which channels 
every improvement". It is interesting to quote here the 
observation made by a famous author regarding the general 
significance of roads in modern world. The road is one of 
the groat fundamental institutions of mankind. A people 
4 
without roads would be a people without intercourse with 
the outside world, thus can not be separated from men the 
2 builder of civilisation . 
The importance of road transport need not be 
emphasized in a developing country like India. It provides 
the basic infrastructure of economic development in the 
country. An efficient road transport system is also an 
essential input to the economic growth of the developing 
countries. It provides the way for efficient mobilization 
of a country's resources and helps to achieve the objective 
of the development plans in the country. A well developed 
system of road transport, facilitating the movement of men 
and materials, is instrumental in increasing the level of 
consumption, production, and distribution, thereby 
accelerating the rate of economic growth. 
Development of roads and road transport help the 
industrial development in a country. The development of 
road transportation is a pre-requisite for industrial 
development in the country. Roads help the decentralization 
of industry. They help diverse industries in getting raw 
materials and other requirements and again help in 
transporting finished products to the market areas. Good 
rcindn c\ro, Lhoroforo, onnontial for Llio liiduBtrlaL 
2. The New Popular Encyclopedia, p. 126. 
n 
development of a country. In Indian economy there is a 
severe problem of unemployment. The road tranoportation 
provides sufficient employment opportunities. The 
employment of workers in the road construction, maintenance 
of existing roads absorb an army of workmen. It hao been 
estimated that about 60 to 75% of the total cost of public 
3 
work these days is paid to road workers . 
Besides, the transporters particularly small 
transporters engage large number of workers for the 
purpose. The agriculture development of a country largely 
depends upon tlie provision of good road system. The 
existence of road has made commercial farming possible. 
Good roads facilitate extensive cultivation and the 
disposal of agricultural produce. They help in taking 
manures and fertilisers in large quantity to the fields, 
application of which has considerably raised the 
productivity of land. It is, therefore, clear that the 
economic development of a country and the development of 
civilization depend upon a good road system. An 
economically and conunercially developed and industrially 
advanced country possesses excellent roads. Its 
significance in the field of industry and commerce is very 
groat as it is related to production, exchange. 
3. Srivastava S.K., Economics of Transport, S. Chand & Co. 
1967, p. 235. 
G 
distribution and consumption of wealth. There are several 
public utility services like the provision of water supply, 
electricity etc. but transport is a great public utility 
service which had been recognised centuries ago. In an 
economical]y backward country like India, the condition of 
roads is unsatisfactory which is detrimental to the growth 
of its internal trade and places hurdles in the way of its 
4 
industrial development . 
Consequent upon more than three decades of 
continuous planned efforts, road transport has no doubt, 
made some considerable progress. Still much is required to 
be done for achieving the goal of transport development. 
Arterial roads still continue to be inaccessible to most of 
the rural population and most of the interior villages of 
rural areas remain quite cutoff from rest of the state in 
rainy season. Thus, our transport system needs further 
extension and improvement as well as efficiency to speed up 
the process of growth. Every means of transport has certain 
characteristics. Road transport possesses the special 
characteristics of being used by several means of transport 
such as motor cars, buses, trucks, motor rickshaw, bullock-
carts etc. and they provide maximum social benefit to all 
human beings living in a country. There are alternative 
4. Shahbaz, M. Problems of the BSRTC, Magadh University, 
Gaya, 1989, pp. 4-5. 
means of road transportation. The passenger transportation 
has increased due to rapid urbanization in modern time. The 
centralisation of urban life in the present century has 
created the problem of overcrowding and congestion in the 
industrial areas. The demand for passenger services in big 
cities and towns has increased in recent years due to a high 
density of population. Transport buses are the most popular 
and the cheapest passenger vehicles available in India. With 
the development of mechanical road transport in India, the 
number of passenger buses began to increase since the end of 
the first world war. In all big cities of the country, city 
bus service operate for the benefit of the people. There is 
unfair competition in the field of transport industry. The 
bus passenger transport faces much competition with the rail 
transport services. The Indian Roads and Transport 
Development Association recommended for the nationalisation 
of road transport services as an affective remedy to the 
unfair competition between the alternative transport 
services. The Central Government passed the Road Transport 
Corporation Act 1948 which empowered the state Governments 
to undertake the organisation of road services. The Act was 
subsequently replaced by a revised Act of 1950. 
With the passage of this Act a number of state 
transport undertakings will be set up in different states. 
In the pages that follow we will discuss the performance of 
these undertakings in recent years. 
8 
Performance of sbato Road Transport Undertakings for the 
quarter ending June, 92- : 
It has now become a regular feature for the central 
institute of Road Transport to undertake a quarterly review 
of the performance of STUS. The following pages contain a 
review of the performance of STUs for the quaqrter ending 
June 1992 based on the data furnished thirty eight STUS 
holding 8(5 percent of the total buses operated in the public 
sector. This quarterly review covers only selected physical 
and financial parameters. 
FLEET UTILISATION: 
Fleet utilisation, being the proportion of buses 
put on road to the fleet hold was 88.8% for the quarter 
ending June, 92. Rural State Transport undertakings achieved 
89.1% and Hill region state Transport undertakings 
registered 91.2%. While Urban State Transport Undertakings 
(STU) achieved 86.5%. 
Rural STUs like Andhra Pradesh SRTC, Rajasthan 
SRTC, ST Punjab, Pepsu RTC and Tamil Nadu organisations 
achieved over 90% fleet utilization. Assam STC and Andaman & 
Nicobar STC achieved only 59.8% and 59.1% respectively. 
Himachal RTC and BEST undertaking achieved utilisation 
beyond 90%. 
0 
BUS PRODUCTIVITY: 
The over all bus productivity (eff kms per bus held 
per day) was 252.6, while the Rural STUS, Hill-region STUs 
and Urban STUs achieved bus productivity 274.8 kms, 180.1 
kms and 177.6 kms respectively. Twelve organisations from 
rural STUs, two from Hill-Region and three from urban STUs 
were below their respective average bus product. 
STAFF PRODUCTIVITY: 
The number of staff deployed per bus on road per 
day was 8.15. The average was 7.98 for rural STUS, 6.04 for 
hill region STUs, and 11.51 for urban STUs. In terms of 
kilometer per day per employee, the overall performance was 
increased from 34.17 during the quarter ending June, 91 to 
36.26 during the quarter under review. The average staff 
productivity was 38.66 kms in rural STUs, 32.71 kms in hill 
region STUs, and 17.85 kms in urban STUs. 
FUEL EFFICIENCY: 
Fuel efficiency in terms of the average kilometres 
obtained per litre of HSD oil consumed was 4.43. The average 
5. Thomas, M.K., Journal of Transport Management, A Publica-
tion of Association of State Road Transport Undertakings, 
Pune, October, 1992, p. 29. 
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fuel efficiency among rural STUs was 4.55 km PL; it was 3.40 
among hill- region STUs and 3.50 among urban STUs. Twenty 
three organisations were below average in rural STUs. Gujrat 
SRTC recorded the highest performance of 5.00 kmpL, followed 
by Andhra Pradesh SRTC 4.99KMPL. BEST and Calcutta STC were 
below average in the urban STUs whereas Tripura RTC was 
below the average in hill-region STUs. 
ROAD SAFETY: 
There were 1123 fatal accidents during the current 
quarter as reported by thirty eight STUs of which 1027 were 
recorded by rural STUs, 4 by hill region STUs and 92 by 
urban STUs. The average rate of accidents per lakh kms was 
0.38. 
REVENUE AND COST: 
The reporting STUs realised 723.6 paise overall 
average earning per km. The average EPKM was 709.1 paise in 
rural STUs, 622.0 paise in hill region STUs and 925.2 paise 
in urban STUs. The overall average cost per kilometre was 
749.9 paise, while it was 699.6 paise for rural STUs, 852.5 
paise for hill region STUs and 1365.8 paise for urban STUs. 
The distribution of cost percent is given in the table 
below. 
n 
TABLE - I 
Particulars Distribution of cost % 
Personnel 37% 
Material cost 31% 
Interest 7% 
Depreciation 9% 
Total Tax 12% 
Others 4% 
Total 100% 
Source: Data Collected from Journal of Transport Management, 
October, 1992. 
The average surplus before tax per kilometre was 
104.5 paise in rural STUs(-) 170.9 paise in hill region STUs 
and (-) 392.7 paise in Urban STUs. However the overall 
average surplus before tax per kilometre was 64.7 paise. 
In the following big table the performance of STUs 
for the quarter ending June 92 is given. 
6. Ibid, p. 29 
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TABLE 
PERfORHANCE SrAIISIICS Of SIU'S fOR QUARTER ENDING JUNE'92 
SI. 
No. 
DcscrIptIon 
A. PlirSICAl rCRfORHANCE 
) Avcrngc No.of bu-ics held 
2 Avei nije No.of Imscs-orv rcdc) 
3 X Fleet Utlli^ntlon 
i> Oai ly Bus Ut 11 i<:at Ion : 
i)Per b(js held 
I i )Pcr bus-on-rood 
5 lotol Eff.KiM.dn Lakhi) 
6 Scot Kms. (Ukhs) 
7 Pnsscnncr Kmi,(Lnkhi) 
0 X Oi.ciip.1t ior> Rnt 10 
9 Pniicngcr^ Cniricd (Lakhs) 
10 Pnss.cnrriccl/lHi'! on-road/dny 
II. SlAff I'USII \m 
1 Iroffic 
2 Uorknhop & Mnlntcnoncc 
3 Adinlnlstrnt ion I Account* 
A lotol Stolf 
li Stnff ()of bun on-rond 
6 Elf. kms per stnff per day 
C. fUEL rCRfORHAMCE 
1 Kms./ litre of H5D (KHPL) 
) . ACCIOLNIS 
1 lotol Accidents 
2 Accidents / Lnkh Eff.Kms. 
3 No.of fotnl Accidents 
R u r a l 
June'92 Jun«'91 
Hlll-Reglon 
June'92 Jun«'91 
U r b a n T o t o l 
00 U 7 77VA6 
/I370 6t7J7 
89.t M . 2 
274.a 265.1 
308.6 300.4 
20045.28 18801.38 
1194249 1124676 
099632 822835 
75.3 73.2 
40264.40 38722.35 
620 619 
378377 364531 
119158 120211 
59370 72205 
569740 556947 
7.90 8.10 
38.66 37,10 
4.55 4.56 
6635 6204 
0.33 ,0.33 
1027 962 
1000 1045 
1649 1649 
91.2 89.4 
180.1 159.9 
197.4 179.0 
296.29 268.54 
13936 12901 
9753 9005 
70.0 70.4 
201.08 199.07 
135 133 
5749 6177 
3007 2505 
1199 1206 
9955 9960 
6.04 6.04 
32.71 29.60 
3.40 5.21 
Juno'92 Juno'91 Juno'92 Juno'91 
9170/. 09167 
01525 7/1150 
00.0 07,6 
9029 9376 
0490 7724 
06.5 02.4 
177.6 \ 169,2 
205.4 205,4 
1508.54 1443.74 
105011 95035 
02213 02563 
77.7 06.2 
9160.22 1^2.^2 149634.50 iilt,^l.bi, 
262.6 
295.6 
21930.11 
1313996 
991599 
75.5 
252.0 
200.5 
20513,66 
1233412 
914402 
74,1 
1106 1242 
64023 
19041 
13909 
97773 
11.51 
17,05 
59099 
19106 
13717 
92U02 
12.01 
17.10 
24 61 
0.00 0.23 
4 0 
3.50 3.55 
1606 1994 
1,06 1.30 
92 06 
669 
440149 
1420U6 
74470 
66';633 
0.15 
36.26 
4.43 
670 
430607 
141902 
07200 
659717 
0,44 
34,17 
4,44 
OJ45 
0.30 
1123 
0-259 
0,40 
1056 
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S I . D e s c r i p t i o n 
No. 
E. flHANCIAL PERfORHAHCE 
(Rii. fn l a k h t ) 
1 T r o f f l c Revenue 
rn l«p |)cr o f f , k m . 
2 Pnssfnocr Fox 
PnUc r^r c n . k m . 
• 
3 Other RrvctMie 
Poise per c f f . k m . 
A lot 111 Rrvenire 
It u 
June«92 
I36A24.44 
600 .6 
2767.89 
13.8 
2951.30 
K . 7 
I 4 2 U 1 . 6 3 
r • ( 
June'91 
119297.8J 
6 1 4 . ; 
2381.85 
12 .7 
3030.43 
16 .1 
124710.11 
H I U 
June"92 
1803.15 
600 ,6 
0 .00 
0 . 0 
39.65 
13.4 
1042.00 
Region 
June'91 
1363.90 
J07 .9 
0 .00 
0 .0 
28 .56 
10.6 
1392.46 
U 
June'92 
13845.75 
071 .6 
248.04 
15 .7 
602 .30 
3 7 . 9 
14696.97 
rbnn 
June'91 
10001.41 
6 9 2 . 7 
2 1 1 . 2 7 
14 .6 
507 .20 
3 5 . 1 
10719.96 
Totol 
June'92 
152073.34 
693. / • 
3016 ,73 
13 .0 
3593 .33 
'16.4 
150603.40 
Jun8'91 
130663.14 
(.ir.U 
2593.12 
12 .6 
3566 .27 
17,4 
1360??.53 
Poise per c f f . k m . 
F. COSr (Rs. in (.okhs) 
1 P e r s none I 
PnKc |>cr e f t . km. 
2 fue l t l uh r lcon ts 
P n l i e per c f f . k m . 
3 lyrr". A Iiidr^ 
P n K e per c f f . k m . 
4 Spir e Pni tr, K Others 
r a i s e I'ci ell . Im . 
5 In te l e'.t 
I'nl t .c p>'i o f I . k m . 
6 Orprer i n t I o n 
I'n t s r | i r ( c ( f , km. 
7 H . V . I f K 
Pn K c I'^r cf f . km. 
0 PnsRCnacr Inx 
Pnisc per ef f .km. 
9 Other Tnxes 
Poise per of I.km. 
10 Totnl Inxcs 
P n U e per of f .km. 
n Otiici -i 
Pnl '.c p T cf I .km. 
12 lo t i i l ro'.t 
I'lilsc p<i el I .km. 
ti S<tf(it(r: hrlorc )i>» 
Pn I Ki- p'-t r l I . km. 
51110.48 44367.74 
255 .0 236 .0 
27639.63 25116.11 
137.9 133.6 
9780.40 7563.92 
48.8 40.2 
7941.83 6795.32 
39,6 36.1 
6587.87 5684.6? 
32.9 30.2 
13183.38 12603.22 
65.0 67.0 
7030.16 7191.09 
39.1 38.2 
10907.74 9822.98 
54.4 52.2 
941.16 827.74 
317.6 300.2 
505.66 526.69 
197.7 196.1 
257.43 207.74 
80.1 77.4 
159.17 170.10 
63.B 63.4 
153.35 143.97 
51.8 53.6 
236.38 166.16 
79.8 69.3 
295.33 
1.5 
19033.23 
9 5 . 0 
4958.98 
2 4 . 7 
K 0 2 3 5 . 0 0 
699 .6 
20941.06 
104.5 
226.95 
1.2 
17241.02 
9 1 . 7 
4247.24 
22 .6 
123619.19 
657.5 
18JJ1.94 
97.5 
176.79 
59 .7 
0 .00 
0 .0 
0 .00 
0 .0 
137.17 
51 .1 
0 .00 
0 .0 
0 .00 
0 .0 
176.79 137.17 
59,7 51.1 
5.95 
2 . 0 
2525.09 
052.5 
10.4Q 
3 . 9 
2210.13 
023 .0 
•SOiS.30 -600.50 
•170.9 -253.4 
925.2 742.5 
8761.23 6074.27 
551,5 476.1 
2672.41 2239.77 
160.2 155.1 
900,66 ('45,07 
56.7 51.6 
801.05 044.73 
55.5 50,5 
4525.07 3157.12 
204.9 218.7 
1220.23 1057.25 
76.0 73.2 
122.50 110.57 
7.7 7.7 
495.60 402.52 
31.2 27.9 
142.46 129.02 
9.0 0.9 
760.64 6«2.11 
47.9 44.5 
1973.49 1917.62 
124.2 132.0 
21696.30 17477.94 
1365.0 1210.6 
-6230.77 -6115.07 
-39?.7 -423.6 
723.6 667,0 
60012.07 52069.75 
277.3 253.0 
30097,70 27002.57 
140.9 135,9 
10910,49 0516.73 
49.0 41,5 
9012.05 7010.23 
41.1 30,1 
11267,09 0905.71 
51,4 43,0 
14639.99 13046.63 
66.0 67.5 
0129,53 7430.03 
37.1 36.3 
11403.34 10225,50 
52.0 49.0 
437.79 355.97 
2.0 1,7 
19970,66 10020.30 
91.1 07.8 
6930 .42 6 1 / 0 . 3 4 
31.6 30,1 
164',50.07 143107.?6 
749.9 690.6 
14195.99 11535.57 
64.7 56.? 
source: Thomas M.K., Journal of Transport Management, Association 
of RTUS, Kirloskcr Press, Puno, October, 1992, pp. 30-31. 
TABLE - 3 
Performance of SRTUS Juno 19i*f)-92, 
14 
SI. 
No. 
Description Haharsthtra SRIC 
JufK'92 June'P) 
ArxJhra Pr . SRIC Kornntoko SRIC Gujorot SRTC 
jL»)e'92 Juntf'PJ Juno'92 Jufio'9J Juna'VZ Juno'9? 
A. PIITSICAL PERfORHANCE 
1 Averaoe No.of buses he ld 
2 Averogc Ho.of b<j»e»-on-ro8d 
i X f l e e t U t I H i a t l o n 
4 Avg.ngc of t )os(te»rs/Lkh Kms. 
5 Pctccntngc of overnged IAJICS 
6 Onl ly n m Uf ( I l«nt(o<i! 
Dr'nr iKJi he ld 
I I jPcf Iws-on- rood 
7 Totol E f f . K m s . d n Lnkhj) 
0 Sent Km-,. (Lnkhs) 
9 P n m r n o T Kmi .dnkh^) 
10 X O c c i i f n t lo l l Rot l o 
11 Pn'-.'.riKjri n Cnrr ied ( I n l h ? ) 
12 Pa<;s.c3rr icd/txjs on-road/d.iy 
B. siAfF rosirioN 
1 I r o f f i c 
2 Uork^liop t Hnlnteiinnce 
3 Admin is t ro t ion t Accounts 
4 l o t n l S t n f f 
5 St off per bos on-rood 
6 r f f , kiiH p e r i t n f f p e r ilny 
C. tVLL PERfURHAMCE 
I k i M i . / l i n e of USD (KHI 'L ) 
0 . ACCIDENTS 
1 lotnl Accidents 
2 Accidents / Lokh Eff.Kms. 
3 No.of fotnl Accident s 
1S717 15670 
13617 13173 
A6.6 A«.1 
4.17XIM 4.0<.Kn« 
4.34 4.52 
2*6.9 234.2 
205.0 270.6 
3531.56 3340.05 
234919 222501 
154624 J43360 
65.8 64.4 
6740,00 6306.00 
545 526 
67974 66206 
26042 26000 
13996 14104 
100012 100310 
7.93 0.22 
35.93 33.09 
4.54 4.55 
1016 919 
0.29 0.28 
125 112 
15096 U 3 6 8 
14305 13311 
V4.a 92.6 
293.9 201.7 
310.1 304.1 
4037.00 3683.00 
222156 Z02049 
I77:;A9 J5I537 
79.9 75.0 
9<''00.10 0760.57 
707 723 
85127 70205 
23638 22505 
10537 22016 
119302 114006 
0.34 0.62 
37.19 35.25 
4.99 4.97 
761 523 
0.19 0.14 
107 167 
9247 0800 
0173 7710 
00.4 07.7 
4.47Kmii 4.33Kmi 
261.2 257,1 
295.5 293.2 
2197.59 2059.21 
130097 122111 
102V07 94 750 
79.1 77,6 
5045.67 /.VM2.9I 
670 709 
36900 35025 
11052 12041 
6245 6720 
54197 55394 
6.63 7.10 
44.56 40.05 
4.4V 4.50 
666 
0.30 
90 
567 
0.20 
104 
0354 0107 
7310 6977 
07.5 05.2 
4,26t(niB it.VjKim 
13.60 9.17 
2 0 5 . 7 271 .4 
326 .5 310 .5 
2172.00 2022.00 
131176 121030 
09515 7VV7'. 
60.2 66.1 
3(132,00 33/16.0(1 
5 76 533 
39010 30307 
11665 11442 
4071 425? 
55554 54001 
7.60 7.7'j 
7.2. V6 41. (IV 
5.00 5,00 
641 
0.30 
90 
5 75 
0.20 
67 
15 
Ultnr frndLhli SHfL 
June'9? Jimc'9I 
7928 009; 
70 m 7215 
69.3 09.1 
5.13 4.74 
in.67 
216.) 2)2./. 
21.2.) 230.5 
1SSV.1S V,f.',./'. 
0JV76 U'.O/'I 
69700 6ja5n 
03.0 75.0 
1200.71 1174.2; 
106 179 
Keroto SRIC 
39117 
14776 
3742 
57635 
O.K 
29.73 
39732 
15114 
3759 
50605 
8.12 
29. V, 
4.4 7 4.'..V 
362 
i).2» 
71 
369 
5n 
Juno'92 Jun«'9I 
3506 3322 
2667 2665 
76.1 80.2 
6.40 6.10 
46.20 43.70 
230.7 226.9 
303.3 282.9 
716.11(1 6116.00 
40116 37044 
37072 30776 
92.4 83.1 
2247.00 1999.00 
926 024 
10999 18070 
6040 6937 
4401 4679 
30320 30406 
11.37 11.44 
26.68 24.73 
3.6'. 3.73 
Rojnilhon SRIC 
976 
1.42 
41 
1253 
1 nl 
51 
Jono'92 Jun«'9t 
3633 3306 
3313 2909 
91.2 A8.0 
5.03 6.37 
15.31 30.20 
269.4 246.6 
295.4 280.2 
1190.54 741.87 
47199 39319 
40780 30339 
86.4 77.2 
792.80 618.86 
263 234 
16324 156*2 
4091 4385 
3656 3610 
24871 23637 
7.51 8.13 
39.35 34.49 
4.70 A.75 
238 187 
0.27 0.25 
66 57 
S.T. Punjab Clioron TCL 
June'92 Junt»9l Juno'92 Juno'91 
2371 2375 
2237 2227 
94.3 93.8 
5.90 6.20 
34.00 37.00 
231.9 227.1 
245.8 242.2 
500.27 490.05 
26514 26015 
20840 18497 
70.6 71.1 
705.15 662.49 
346 327 
7916 7772 
2070 2056 
1321 1333 
12107 11961 
5.41 5.37 
45.41 45.10 
3.99 3.90 
Pcpou RTC -
1394 
1319 
94.6 
4.27 
0.07 
1362 
1269 
93.2 
3.92 
0.37 
62 
0.12 
16 
46 
0.09 
10 
323.8 209.0 
347.5 310.2 
417.15 350.16 
20023 24121 
17455 17411 
62.3 72.2 
1525.58 1440.95 
1271 1240 
7054 6641 
1710 1706 
772 694 
9544 9041 
7.24 7.12 
40.03 43,53 
4.03 3.93 
127 126 
0.30 0.35 
24 16 
Juno'92 Juno'91 
1072 1031 
903 940 
91.r 91.2 
257 .0 260,5 
200.3 205 ,7 
250.7/. 244.37 
13209 12952 
10097 9455 
02,0 73.0 
339.42 290,06 
379 349 
3562 3511 
1244 1251 
959 946 
5765 5700 
5,06 6,07 
47,00 47,05 
4,10 4,16 
67 61 
0,27 0,25 
20 13 
in 
No. 
Denri l(it Ion 
^. PHYSICAL PERfORMAMCE 
1 Average No.of buses held 
2 Averooe No.of bu^es-on-rood 
3 X ricpt Ut 11 I"-.!!! Ion 
4 Avg.Bge of l)(j'.( Yenrg/Lkh Km^, 
5 Pcrccntnge of ovcrogcd buses 
6 Daily Bus Ut11isotlon: 
l)Per bus held 
i I )Per bus-on-rood 
7 Totnl Eff.Kms.(In Lnkhs) 
a Sent Kms. (Lnklis) 
9 Piis'.cn'jer km ;. (Lnkdi) 
10 X Occupnt iofi Rnt lo 
11 r i i t i i i n i i l i ' i II I n i i l n l ( I n k t i n ) 
12 Pnss.carr iod/bos on-ro.nd/d.iy 
n. siAff rosiiioN 
1 I r n f d c 
2 Workshop t Hnlntct\nnce 
3 Adrnini s t m t ion & Accounts 
<> t o t a l Stnff 
5 Staf f per bu5 on-rond 
6 C f f . knu pr i n tnf f per dny 
C. fUCL rCRIUHHAHLl 
I Kms./ U t t e of MSO (kMPL) 
0 . ACCIDENTS 
1 l o t a l Accident'. 
2 Accidents / L.Tkh Eff.lCms. 
3 Ho.of fn tn l Acri<lrt\ts 
Mianllinl P a r l . l C l 
June"?? Ji»»«'9l 
76a 
712 
V2.7 
2.49 
0 .26 
946 
902 
9J .3 
2.65 
2.05 
An mm t i e 
JUHl'9? Jiino'91 
390.4 3 6 1 . 7 
421 .1 379.4 
272.66 3 t l . 3 9 
10860 21614 
15126 10120 
00.2 03 .8 
6(1/.!' . nr.oi 
937 910 
aoi 
527 
5 9 . 0 
8 .00 
10.00 
907 
460 
5 0 . 7 
0 .00 
12.00 
PniMllynn MUIII 
Ji(iio'92 J K I I O ' V I 
3022 
828 
622 
5272 
7.40 
56.00 
4006 
1015 
771 
6672 
7.40 
51.29 
124.6 122.2 
208.4 240 .9 
• 99 .93 100.B4 
4996 5042 
3497 3500 
70.0 71 .0 
139.21 M M . l ? 
290 330 
665 7 
12.63 
16.50 
6070 
14.95 
16.11 
4.47 4.41 
lU'. 
0.30 
23 
154 
0.49 
30 
4.12 4.11 
31 
0.31 
31 
0.31 
_L 
1021 
965 
94.5 
4.76 
902 
040 
93.1 
5.03 
Mil l tivnl t i ivni' ICI 
3 4 8 . 8 3 2 4 . 2 
3 6 9 . 0 3 4 8 . 2 
324 .03 266 ,13 
23912 19731 
16? 7(1 14V/I4 
6 0 . 1 7 5 . 9 
1 ? 7 1 . M 1211.Mil 
1440 1505 
5051 
1226 
021 
7090 
7.36 
50.17 
4V21 
1263 
695 
60/9 
0.19 
42.51 
4.37 4.36 
191 
0.59 
27 
167 
0.63 
26 
Juno'92 
993 
000 
09.4 
JUMO'Vl 
904 
016 
90.3 
2.00 2.60 
21.65 39.30 
6 2 6 . 0 5 9 5 . 0 
7 0 0 . 0 6 5 9 . 1 
5 6 5 . 6 7 4 0 9 . 4 5 
26021 22515 
?V,?2 ? 0 W 9 
9 0 . 0 9 3 . 3 
111.91 10?.17 
141 130 
6612 
1746 
1103 
9461 
10.65 
6 5 . 7 0 
4.47 
1V2 
0.34 
37 
6377 
1691 
1055 
9123 
11,10 
50.96 
4.40 
169 
0.35 
40 
17 
H o r l h Bongi i l SIC 
J i r t ic '92 J i i n o ' 9 t 
Aiw)0 fCL 
J i K i r ' 9 2 JiK>e'9I 
00? 
729 
8 2 . 2 
3 .40 
92 .4 
2 .50 
213 .5 23 ' . .3 
259 .8 253 .5 
172.3? )//.)!) 
8616 nn'>9 
7496 7176 
8 7 . 0 81 .0 
132.68 n 7 . 7 7 
200 197 
4490 
1400 
764 
6654 
9.13 
20,46 
4293 
1312 
675 
6.''mi 
8. 18 
i 1. OU 
3.90 4 .03 
27 9 
0 .16 0.05 
9 1 
774 
7213 
9 4 . 1 
3.913 
14.50 
740 
667 
9 0 . 1 
3.94 
11.80 
Jeeva ICL 
June '92 June '9t 
371.4 344 .6 
394.B 382 .3 
.••61.5/ 212.05 
10470 16150 
12614 11/15 
68 .3 71 .7 
770.05 700.80 
1162 1168 
3718 3710 
12 73 1202 
864 890 
5n'.5 5810 
0.04 fl.71 
4 9 . 0 9 43 .09 
4 .30 4 .03 
124 80 
0 .47 0 .30 
21 27 
787 
758 
9 6 . 3 
3 . 5 1 
13.13 
724 
688 
9 5 . 0 
3 .74 
9 . U 
4 0 0 . 2 3 6 4 . 8 
415 .5 3 8 3 . 9 
?nA.62 240.36 
1990J 16715 
13060 11544 
65.6 70.9 
747.45 458.90 
1084 1052 
4097 3682 
1092 1101 
646 614 
5835 5397 
7.70 7.04 
53.98 48.94 
4.35 4.46 
151 169 
0.53 0.70 
22 15 
Cholon R/U C.L. 
Ji»«>'92 June'91 
kottabomnon TCL Oheoron Chi TCL 
Jun8'92 JunB'91 .,une'92 Juno'91 
749 
697 
93.1 
4.05 
16.90 
723 
638 
fiO.2 
4.02 
7.80 
390.3 360.7 
419.4 403.8 
266.Oe. 2jr.3Z 
17570 15713 
13214 12304 
75.2 78.8 
nOO.OO 690.60 
1251 1190 
3001 3707 
894 656 
600 663 
5375 5306 
7.71 8.32 
54.39 49.15 
4.47 4.51 
206 64 
0.77 0.27 
36 25 
760 758 
719? 681 
93.6/, 89.8 
4.70 4.02 
32.40 1.68 
366.9 328.0 
391.9 36S.1 
256.43 226.24 
15440 14027 
11611 10626 
75.2 75.8 
648.00 530.68 
990 869 
3924 3790 
769 769 
094 094 
5507 5453 
7,77 0.01 
50.44 45.59 
4.04 4.36 
61 86 
0.24 0.30 
11 26 
703 
743 
94.9 
2.49 
3.32 
607 
630 
<?2.9 
2.76 
4.61 
405.2 390.6 
427.0 420.6 
280.70 244,17 
20161 U,'U,r 
14467 12746 
71.0 75.1 
824,00 704,53 
1220 1213 
3000 3706 
999 902 
622 596 
5509 5204 
7.41 0.16 
57.59 51.56 
4.39 4.36 
101 
0.63 
20 
104 
0.43 
12 
IH 
S( . 
No. 
Ocncr(pt (on Hnrutffiu Pen. fC l 
A. PHYSICAL rCRFORHAHCE 
1 Averooc No.of bo-ics held 
2 Averooe No.of buje»-on-roBd 
3 X fleet UtilIsntlon 
4 Avu.nQO of l«.ji(renrg/lkh Kmi. 
5 PcrccrUngc of overngcd buses 
6 Doily Bus UtiIisotion: 
i)Pcr bo^ ticld 
I I JPer bus-on-rood 
7 Tota l E f f . K m s . d n Lakhs) 
8 Scot Kms. (LnVhs) 
9 Pni'.cngcr km-.. (Lnkhi ) 
10 X Occupntioii Rnt io 
11 Po':<;cngcr< C n r n c d <Lnkhs) 
12 Pnsn.cni I I r i l / ln i ' . on-rond/dny 
0 . SIAff POSItlOM 
1 T r a f f i c 
2 Workshop 4 Hnintcnnnce 
3 ,«drn(n(strflt (ofi i Accoontl 
4 Total Stnff 
i Stnt t |iiM liu". on r oncl 
6 Eff. kms pet stnff per day 
C. fUEL rtRfORHANCE 
1 Kmi./ 1 I t i c of HSO (kHPL) 
0 . ACCIOtHIS 
1 l o t n l Accident"! 
2 Accidents / Lokh Eff.>;ms. 
J No.of f ntnl Ace u lcn t l 
Jun«'92 Jur>e'9l 
Rsnl Hang ICL 
Jir>«'92 June'9t 
659 6J9 
623 570 
94.5 8 9 . 2 
3 .41 4.04 
33.?3 ia.4* 
411.2 36B.6 
435 .0 413 .2 
246.62 214.34 
16368 15252 
12361 U 5 0 6 
/ 5 . 5 95 .1 
660 .40 575.44 
1165 1109 
3609 3352 
1092 902 
520 429 
5221 4653 
O.^n 0 .22 
51.91 50 .30 
4 ,47 4 .38 
120 102 
0 .49 0 .48 
in 19 
640 607 
609 569 
95.2 93.r 
3.30 3.45 
22 .99 20 .26 
370 .0 356 .3 
398 .1 3 0 0 . 1 
220 .62 196.81 
14767 13115 
10904 10133 
73 .0 77.3 
598.52 530.74 
lono 1040 
3096 3051 
712 723 
542 510 
4350 4284 
7 . 1 ' . 7.53 
55.73 50.40 
4 .49 4 .32 
n o 104 
0 .50 0 .53 
26 2S 
Artnal Sathya TCL 
June'92 Juno'91 
Mosomony TCL 
Juno'92 Juno'91 
526 490 
405 462 
92.2 92.a 
2 . 3 1 ' 2 ,34 
10,00 11 .09 
3 7 1 . 9 ' 3 5 0 . 1 
403 .3 3 0 6 . 0 
178.00 162.30 
12460 11361 
9669 90/)9 
77 .6 OU.O 
431 .07 309 .42 
977 926 
2574 2429 
655 640 
293 331 
3522 3400 
7 . 2 6 ' 7 .36 
55.54 52.46 
4 . 6 1 4 . 7 J 
i 
64 62 
0 . 3 6 0 . 3 0 
9 7 
564 
54U 
97.2 
4.14 
29,60 
343.3 
353.3 
540 
520 
94.9 
3,03 
11.70 
329.5 
347.2 
176 .20 164.30 
11913 11274 
9406 flS/.fl' 
79 .6 7 5 . 0 
6 1 7 . 0 0 590,./)0 
1237 1264 
2909 2009 
630 577 
497 495 
4036 3961 
l.h(> l.t.f 
4 7 . 9 7 4 5 . 5 0 
4 .35 4 . 2 6 
61 50 
0.35 0.35 
11 10 
10 
Smith ilci<U*)l 5iH 
JiKic'92 Ji)nc'91 
lkUcJ.in<)a TCL 
June'92 June'91 
503 
312 
53.5 
A. 00 
19.00 
Ann 
33n 
6 9 , 1 
A. 00 
10.45 
131.6 U ? . l 
2 4 5 . 9 205 .1 
69 .02 63.OV 
3142 2039 
2240 
71.5 
19''. I) 
60 .3 
136.63 114.05 
401 3 n 
2214 
534 
ibO 
3106 
9 .96 
24 .70 
203'. 
3l!'j 
3JV 
2750 
n. U. 
25.14 
3 .76 3.45 
4A / 
0.66 n .n 
9 A 
229.2 
zro.i 
56 .32 
3362 
2031 
60.4 
94 .00 
451 
',f, 
ArKl.imarttNlcotMir SI 
Ji»)e'92 JiJnc'9) 
270 240 
229 204 
04.0 05 .0 
5.55 5 . 5 / 
45 .00 49 .00 
23?.3 
273.3 
50.74 
2553 
105/ 
70.9 
76.44 
412 
1251 1150 
324 306 
229 229 
1004 1685 
7.00 n..''6 
34 .31 33 .09 
3.90 3 .09 
41) 
0 .02 n.7v 
2 •) 
176 
104 
59 .1 
t,.Ti 
35.22 
72.0 
121.fl 
11.53 
007 
709 
9 7 . 7 
35.40 
374 
530 
248 
U 5 
913 
0 .70 
1 3 . M 
3 .00 
t72 
107 
62.2 
S.fiO 
31 .00 
71 .9 
115.5 
11.25 
708 
725 
9 2 . 1 
28 .49 
293 
544 
304 
925 
0.64 
13.37 
3 .30 
Mimachal R K 
Ji«io'92 JiJf>o'91 
4 4 
0.35 0 .36 
1rt27 1652 
1561 1551 
9 5 . 9 9 3 . 9 
5.UUKms S.OOKmi 
10.00 12.20 
192.7 169.6 
200 .8 i a o . 7 
?n5.29 255.02 
13395 12240 
9376 B560 
70 .0 70 .0 
195.00 190.00 
137 135 
5063 5409 
2636 2050 
944 942 
0643 8409 
5.54 5 .42 
36 .27 33 .33 
3 .40 3 .20 
22 52 
0 .00 0 .20 
3 n 
Tr tpuro RTC Monlpur SRTC 
Jimo'92 Juno'91 Juno'92 Juiio'9) 
12A 12A 
62 73 
5 0 . 0 5 0 . 9 
2.60Km« 2.15KniB 
3 8 . 7 0 3 5 . 0 0 
6 2 . 0 
124.1 
555 
245 
105 
905 
14.60 
8 .50 
2 
0.29 
1 
00.6 
150.5 
550 
240 
100 
090 
12.19 
12.35 
3.32 3.53 
9 
0.90 
57 
26 
45.6 
A.00 , 
a.47 
77.1 
169.1 
69 
25 
36.2 
4.07 
7.07 
56.1 
154.7 
7.00 
357 
232 
65.0 
5.00 
103 
10.00 
510 
403 
79.0 
0.00 
120 
4.00 
104 
1/.5 
79.0 
1.00 
46 
3.52 
151 
IV. 
75.0 
1.07 
4 7 
131 
126 
150 
407 
.65 
.00 
210 
207 
244 
669 
26.76 
5.70 
3.46 3.A3 
20 
5 1 , l>v',ci l()l Ion 
No. 
DrUi l IC 
Juno'92 Jijn4>91 
A. PlirSICAL rCRfClRMANCE 
1 AveroflC No.of boscs he ld 
2 Avcrogc No.of buses-on-road 
3 X f l e e t U t I I i - jotlon 
A Avg.nge of bu'.<Vcnr«/Lkli ICm .^ 
5 Pcrccntngc of ovcrngcd Ijoscs 
6 Dm ly Du"; Ut i I i>.nt Ion: 
I )Pcr bui held 
I I )Pcr bui -on-rond 
7 TotAl E f f . C m s . d n Lokhs) 
a Seat (Cms. (Lnkhs) 
9 Passenger Kms.(Lakhs) 
10 X Occupotion Ratio 
11 Passengeri Cnrrlcd (Lnkh^) 
12 PniH.cnt r leil/l)u< oti-1 ooil/d.)^ 
0. SIAFf roSIIION 
1 Trnffic 
2 Uork-ihop K H.imtcnnnce 
3 Adninistrotion & Accounts 
4 Jotol Stoff 
5 Stof f per bu"; on-rond 
6 E f f . kma per s t n f f per iJ.iy 
c. ruci rtRfuiinAHLC 
1 Km5./ I I t i e of USD (KMI'L) 
D. ACCIDLNIS 
1 l o t n l Accldi -nt i 
2 AccldcrU^ / Lnkh E f f . k n u . 
3 Ho.of Fata l Acc idcru i 
DtSf U/HIPI l ak lno Co lcu l lB SIC 
Jui»c'9Z Juno'9» 
4360 4383 
3030 3720 
07.8 84.9 
6.60 7.10 
37.00 39.7B 
10J.9 100.8 
209.3 213.1 
729.50 \ 72J.26 
40147 47603 
42418 48436 
88.1 101.8 
3321.02 3543.81 
V5J 1047 
25708 26405 
0?65 8929 
5941 5944 
40412 41278 
10.55 11.10 
19.04 19.20 
3.03 3 .86 
610 6/U 
0.05 0 .93 
38 45 
June'92 Juno'91 
P l i i f i r l ClilnchwoJ HI 
Juno'92 JUM0'9I 
3013 
2797 
92.0 
7.00 
2.75 
109.5 
204.1 
2718 
2272 
03.6 
6.57 
1.90 
160.4 
201.4 
1250 
934 
74.2 
H.60 
• 
127.9 
172.3 
not 
090 
75.« 
3.45 
-
120.0 
169.9 
519 .57 416.44 
39407 32066 
24865 21163 
6 3 . 0 6 6 . 0 
4148.00 3619.00 
I6U) 1750 
24174 
6310 
4404 
34096 
12.40 
16.36 
20729 
5043 
4225 
30797 
13.56 
14.86 
3 13 3.14 
51? /34 
0.99 1.76 
30 14 
146.43 137.60 
7040 7007 
7009 6975 
99.5 90.4 
770.07 774.09 
916 V'J6 
7645 
2642 
230B 
12595 
13.49 
12.70 
3.40 
7191 
2750 
2360 
12501 
13.02 
12.29 
3.37 
rj3 \/,> 
1.04 1.25 
10 9 
276 
121 
43.0 
1304 
615 
120 
2119 
17.51 
17.07 
3.50 
277 
134 
40.4 
25.00 22.00 
131.1 
299.0 
32.92 
1044 
1303 
70.7 
110.01 
10/9 
140.5 
307.0 
37.43 
2096 
1400 
67.1 
13'..07 
1099 
30U 
93 
1715 
12,00 
23.90 
3.71 
39 'j(l 
1.10 1.5'j 
21 
Puoc H 1 . 
June'92 June'91 
6J5 5^0 
566 506 
09.0 00.a 
T.Di 0.00 
30.39 33.80 
204.4 191.7 
229.6 215.9 
110.20 99.44 
M92 5(1^7 
4475 3637 
64.0 62.0 
5^7.(10 4n6,0n 
1121 loss 
3764 2969 
1116 904 
905 064 
5705 4017 
10.23 9.52 
22.45 22.69 
3.50 3.50 
29/ 2'il 
/ . ' . ) 2. VV 
0 11 
^olnpor «1U 
Juoc'92 Juna>9t 
IDS 
93 
Ofl.6 
10.00 
30.00 
204.1 
230.4 
19.50 
148 
U9 
100.6 
fl7.iO 
1034 
315 
115 
57 
487 
5.24 
44.00 
3.66 
iColhBpor M1U 
June'92 June'91 
Than* Municipal ID 
June'92 Juno'91 
«7 
71 
01.6 
0.00 
40.00 
167.2 
204.9 
13.24 
0 
0 
{RR 
65.03 
1007 
307 
113 
57 
477 
6.72 
30.50 
3.72 
B 29 
0.41 2.19 
1 
102 92 
9t 7a 
09.2 04.0 
6.33 6.03 
37.25 35.86 
200.7 183.3 
225.0 216.3 
18.63 15.35 
1136 952 
1020 
09.7 
0)0 
0 5 . ) 
101.27 02.30 
1223 1159 
600 540 
100 180 
02 82 
062 002 
9.47 10.20 
23.75 21.03 
43 
2.31 
3 
26 
1.69 
80 
66 
02.5 
433 
92 
92 
617 
9.35 
6.75 
60 
53 
77.9 
52.1 40.2 
63.1 61.0 
3.79 2.90 
200 164 
175 135 
04.) 02.3 
35.75 27.02 
595 577 
444 
79 
92 
615 
11.60 
5,32 
3.13 
16 0 
4.22 2.60 
1 
2 
SI. 
No. 
DcicrlptIon 
e. FINANCIAL PERrORHANCe 
(Rs. (n LokhS ) 
1 Trnffic Revenue 
Poise per cf(.km. 
2 Posscogcr Tnx 
PniRO per off.km. 
3 Other Revenue 
Poise per eff.km. 
<t lotnl Rcvciiue 
Poise per cf f.km. 
f. COST (Rs.in LokhS) 
1 Personnel 
Poise per cf f.km. 
2 fuel & Lubrlcnnts 
Pnlio per eff.km. 
3 lyrcj & Tubes 
Pnlse per cff.km. 
4 Spnrc Pnrti 4 Others 
Poise per ef f.km. 
5 Intereit 
Pnisc per eff.km. 
6 Dcprccint ion 
Pnisc per eff.km. 
7 H.V.Tox 
Poise per eff.km. 
0 Pn^jcnuer Inx 
Poise per cff.km. 
9 Other Tnxcs 
Polio per eff.km. 
10 Totnl Tnxei 
Poise per eff.km. 
11 Others 
Pnisc per eff.km. 
12 lotnl Cost 
Paise per eff.km. 
13 Surplus before Tax 
Paise per eff.km. 
Hnhnrnshtra SRIC 
Jiiiie'92 Jun«<91 
30312.00 27095.00 
058.3 835.2 
AIKHW n Pr. SRIC 
JUiio'92 Juno'91 
Kniiintnkn SKIC 
JunO'92 JuH0'91 
r.iijnrnt SHIC 
Juno'92 Juno'91 
0.00 
0.0 
0.00 
0.0 
631.00 674.00 
17.9 20.2 
3094 3.00 20569.00 
076.2 855.3 
10467.00 9232.00 
296.4 276.4 
4990.00 4640.00 
141.5 138.9 
1874.00 1213.00 
53.1 36.3 
1033.00 1195.00 
51.9 35.8 
1167.00 1121.00 
33.0 33.6 
3405.00 3957.00 
90.7 118.5 
179.00 165.00 
5.1 4.9 
4906.00 4600.00 
141.2 138.0 
• 46.00 59.00 
1.3 1.8 
5211.00 4830.00 
147.6 144.6 
04 7.00 734.00 
24.0 22.0 
^90fl^.00 26922.00 
046.1 806.0 
6272.00 6477.00 
177.6 193.9 
25991.07 22248.04 
643.0 604.1 
0.00 
0.0 
0.00 
0.0 
551.19 530.06 
13.7 14.4 
26543.06 22770.10 
657.5 610.5 
9000.01 0009,25 
242.0 217.5 
5007.05 4519.09 
124.0 122.7 
2440.47 1946.64 
60.5 52.9 
1821.26 1799.91 
45.1 48.9 
BCi1.70 6 7 8 . 5 7 
21.3 10.4 
3 im.41 2904.49 
79.0 70.9 
2034.99 1956.45 
50.4 53.1 
0.()() 0.00 
0.0 0.0 
O.no 0.00 
0.0 0.0 
2034.99 1956.45 
50.4 53.1 
5^^,09 531.'74 
14.0 14.4 
25720.66 22346.14 
637.1 606.7 
2857.59 2580.41 
70.0 64.0 
15070.71 13072.50 
605.0 673.7 
0.00 
0.0 
0.00 
0,0 
123.20 113.14 
5.6 5.5 
15193.91 13905.64 
691.4 679.2 
4063.69 4554.64 
221.3 221.2 
3159,02 2910.45 
143.7 141.3 
1207.09 913.60 
54.9 44.4 
617.19 500.5fl 
28.1 24.3 
940.36 770.76 
42.0 37.4 
1240.54 1166.34 
56.0 56.6 
2566.04 2414.09 
116.8 117.3 
0,00 0,00 
0.0 0.0 
0.00 0.00 
0.0 0.0 
2566.04 2414.(19 
116.8 117.3 
030.44 779,17 
37.0 37,0 
15452.37 14010.43 
702.2 600.4 
2327.50 2590.10 
105.9 116.1 
13733.79-12732.73 
632.3 629.7 
0.00 
0,0 
0.00 
0.0 
655.12 616.14 
30.2 30.5 
14300,91 13340.0/ 
662.5 660.C 
5609.50 
262.0 
2715.20 
125.0 
945.00 
43.5 
569.05 
26.2 
1006.26 
46.3 
066.31 
39.9 
120.03 
5.5 
2207,14 
105.3 
36.94 
1.7 
2444.11 
112,5 
535.46 
24.7 
4767.51 
235. fl 
2476.10 
122.5 
045.43 
41.0 
419,61 
20.0 
727.95 
627.VJ 
31.0 
114.46 
5.7 
2124.V9 
105.1 
22.65 
1,1 
2262.10 
111.9 
471.70 
23.3 
14771.95 
600.1 
2061.09 
94.9 
12597.65 
623.0 
3013.54 
149,0 
23 
Uttnr PrmJer.li SRIC 
June'92 June'VI 
10300.30 0702.39 
661.2 556.? 
i r j t . 8 1 K62.00 
111.1 93.4 
19A.61 316.13 
12.5 20.2 
12234.00 10400.52 
704.7 669.0 
4540.03 4170.46 
291.2 264.5 
2121.63 2020.10 
136.1 129.6 
501.14 433.75 
37.3 77.7 
717.40 614.09 
46.0 39.2 
727.35 736.45 
46.7 47.1 
040.03 92?.?? 
54.4 50.9 
132.29 120.67 
0.5 0.2 
1731.01 1462.00 
111.1 93.4 
16.41 7.90 
1.1 0.5 
iono.5t i5vn.57 
120.6 102.2 
222.70 190.04 
14.3 12.1 
11639.59 10693.6(1 
746.5 603.4 
?4 7'j.7.' 13ir..4t 
150.0 ()».5 
kcrolo SRIC 
June'V2 Junc'91 
Raioithon SRIC 
5401.00 4667.00 
713.0 600.3 
0.00 
0.0 
0.00 
0.0 
37.00 22.00 
5.0 i.2 
5430.00 4609.00 
730.9 663.5 
2030.00 2377.00 
384.5 346.5 
1440.00 1160.00 
196.7 169.1 
417.00 307.00 
56.7 44.0 
311.00 366.00 
42.3 53.4 
347.00 319.00 
47.1 46.5 
?no.oo ?6i.on 
30.0 38.0 
260.00 212.00 
36.4 30.9 
0.00 
0.0 
0.00 
0.0 
0.00 
0.0 
0.00 
0.0 
260.00 212.00 
36.4 30.9 
157.00 161.00 
21.3 23.5 
6050.00 5163.00 
023.1 752.6 
• J ' J 2 . 0 0 -26.'. CIO 
-47.0 -30.2 
Juiic*92 June'91 
7041.28 5240.02 
7V0.7 706.4 
S . I . I'linjob 
Juno'92 June'91 
0.00 
0.0 
0.00 
0.0 
149.86 110.89 
16.8 U . 9 
7191.14 .5351.71 
807.5 721 . * 
2004.03 1701.85 
225.0 229.4 
1065.08 901,63 
119.6 121.5 
354.05 263.92 
19.n J5.6 
ion.00 154.18 
12.1 20.8 
321.33 232..17 
36.1 31.1 
369.39 265.33 
41.5 35.8 
47.29 43.85 
5.3 . 5.9 
845.98 684.96 
95.0 92.3 
156.46 113.40 
17.6 IJ.J 
1049.73 842.21 
117.9 113.5 
007.49 437.90 
90.7 59.0 
6079.90 4799.19 
602.7 646.9 
2160.97 1394.73 
2'.?.7 100.0 
2302.40 2044,10 
460.2 416,4 
1036.00 919.85 
207.1 187.4 
Cheron 1CL 
June'92 June'91 
91.75 
10.3 
58.10 
11.8 
3430.23 3022.05 
605.7 615.7 
1167.63 1101.96 
233.4 224,5 
751.90 728.42 
150.3 148.4 
213.62 188.49 
'.?.7 30.4 
219 1? 216.46 
43.8 44.1 
79.54 
15.9 
00.50 
16.4 
191.10 130.57 
30.2 26.6 
137.57 166.40 
27.5 33.9 
1036.08 919.85 
207.1 187.4 
20.52 
5.7 
12.27 
2.5 
1202.17 1090.52 
240.3 223.8 
70.67 
15.7 
70.43 
14.3 
3903.75 3615.35 
700.3 736.5 
7,''n.65 505.22 
I'.S.? 102.9 
2604.56 1962.90 
624.4 540.1 
0.00 
0,0 
0.00 
0.0 
28.88 128.38 
6.9 35.0 
2633.44 2091.20 
631.3 503,9 
969.80 791.32 
232,5 220.9 
637.79 536.37 
152.9 149.0 
199.66 146.45 
47.9 40.9 
179.06 142.00 
42.9 39.6 
Pcpou RIC 
June'92 June'91 
91.16 
21.9 
76.63 
21.4 
232.11 181.30 
55.6 50.6 
295.68 234,41 
70,9 65.4 
0.00 
0.0 
0.00 
0,0 
0.00 
0,0 
0.00 
0.0 
295.60 234.41 
70.9 65.4 
85.12 
20.4 
60.76 
17.0 
2690.46 2169.32 
645.0 605.7 
230.66 156.37 
57.2 43.7 
1199,47 1039,42 
470.''. 425.3 
0,00 
0,0 
0.00 
0.0 
32.09 41.41 
12.8 16.9 
1231,56 1000,03 
491.2 442,3 
634.50 
253.1 
330,10 
134.9 
96,43 
30.S 
00.57 
32.1 
254.50 
101.5 
120,42 
48,0 
66,94 
26.7 
0,00 
0,0 
0.00 
0.0 
66.94 
26,7 
57.61 
23,0 
562,30 
230.1 
329.42 
134.0 
01.25 
33,2 
95. ?9 
39.0 
266.52 
109.1 
90.03 
40.1 
64.41 
26.4 
0.00 
0.0 
0.00 
0.0 
64.41 
26.4 
79,02 
32,3 
1649.31 1576.32 
657.0 645.1 
•350.01 -431.00 
-139.9 -176.4 
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si. 
No. 
Oeocrlpt(on 
C. fINANCIAL rERfORHAWCE 
(R>. In Itkht } 
1 Trtfric RevtncM 
Polttt per off.km, 
2 Po«ienoor Inx 
Palso per eM.km. 
3 Other Revenue 
False per eff.km. 
4 total Revenue 
Palse per eff.km. 
F. cost (Rs.in Lokhs) 
1 Personnel 
Palse per eff.km. 
2 fool Jl li(t)i Icnnti 
Paine |>er r( f .km. 
3 lyres i Tut>e^  
Polte (>er eff.km. 
/. '•.|>ni 0 I'm t« t Otli«r« 
Palse |>or ef f .km. 
5 Intercit 
Palse per eff.km. 
6 Depreciation 
Palse per eff.km. 
7 H.V.lox 
Palsa per eff.km. 
8 Passenger Tax 
PalBO per e f f . k m . 
9 Other l a x e i 
Palse per e f f . k m . 
10 Total Inofl i 
P a l i e ()or e f f . k m . 
11 Others 
Poise per e f f . k m . 
12 Total Colt 
Polsn (x'r e f f . k m . 
13 Surplus before Tax 
Poise per e f f . k m . 
Ihntithal P e r l . I C l 
June<92 Jur>«i91 
i n s . 1 3 ^m.^^ 
637 .0 5 * 6 . r 
0 .00 
0 .0 
52 .52 
19.2 
0 .00 
0 . 0 
3 5 . 1 9 
11.3 
1AI0.65 i n 7 . 4 2 
656.3 558 .0 
5 1 4 . 4 * 
100.5 
3 / ? . } 7 
H A . * 
111.48 
4 0 . 9 
114 V2 
42 .1 
55.05 
20.5 
228.00 
8J .6 
180.59 
66 .2 
0 .00 
0 .0 
0 .00 
0 . 0 
m o . 5 9 
66 .2 
85.01 
31 .4 
1(V.1.?6 
6U9.6 
5 7 4 . n 
184.6 
409 .29 
131.4 
116.25 
37 .3 
110.20 
35 .4 
37 .36 
12.0 
224.31 
72 .0 
185 .5 r 
5 9 . 6 
0 .00 
0 .0 
0 .00 
0 . 0 
185.57 
5 9 . 6 
87 .22 
2 8 . 0 
1745.01 
560.4 
307 .98 177.98 
112.9 57 .2 
Afinnm SJC 
June'92 Jirv«'91 
Pniidlyni) RWLL 
MH\»"f? J lNI* '91 
517.64 399.33 
518 .0 3 9 6 . 0 
0 .00 
0 . 0 
0 .00 
0 . 0 
0 .00 
0 . 0 
0 . 0 0 
0 . 0 
517.64 399 .33 
518 .0 396 .0 
471 .67 
4 7 2 . 0 
lAn nn 
169.0 
6 0 . 9 6 
6 1 . 0 
TV.VI. 
(10.0 
101.93 
102.0 
69.95 
70.0 
8 .99 
9 . 0 
0 .00 
0 .0 
0 .00 
0 . 0 
8 .99 
9 . 0 
0 .00 
0 .0 
965 .0 
360 .00 
3 5 7 . 0 
138.15 
137.0 
8 3 . 7 0 
8 3 . 0 
09 .75 
0 9 . 0 
101.85 
101.0 
71 .60 
71 .0 
8 , 0 7 
8 , 0 
0 ,00 
0 . 0 
0 .00 
0 , 0 
8 .07 
8 ,0 
0 .00 
0 ,0 
053 .12 
046 .0 
-435 .69 - 4 4 5 . 7 2 
- 4 3 6 . 0 - 4 4 2 , 0 
I h l i uvnl luvar K l 
JiMi<i*9? J ( k i * ' 9 t 
2177.79 1550.50 
672.1 505.6 
0.00 
0.0 
55.83 
17.2 
0.00 
0.0 
35.32 
13.3 
2233.62 1593.02 
689 .3 5 9 0 . 9 
779 .93 
2 4 0 . 7 
4 6 8 . 4 7 
144 .6 
114.06 
35 .4 
120.14 
3 7 . 1 
4 2 . 0 0 
13 .0 
220 .11 
70 .4 
153.44 
47 .4 
0 .00 
0 , 0 
2 , 5 0 
0 , 0 
155.94 
4 8 . 1 
77 .60 
2 3 , 9 
1907.05 
6 1 3 . 2 
402 .51 
124,2 
6 4 5 , 2 6 
242 ,5 
3 6 6 . 9 7 
137.9 
96 .64 
3 6 . 3 
10?.76 
3 0 . 6 
54.22 
20 .4 
0 3 . 5 2 
31 .4 
105,43 
3 9 . 6 
0 .00 
0 . 0 
1,95 
0 , 7 
107,10 
4 0 , 3 
6 5 . 0 0 
2 4 . 0 
15?2.63 
572 .1 
170.57 
6 7 , 1 
2 9 2 7 . 7 0 2204 ,05 
5 1 7 . 6 4 5 0 . 5 
0 . 0 0 
0 . 0 
4 2 . 5 7 
7 .5 
0 . 0 0 
0 . 0 
5 6 . 3 0 
' 11 .5 
2970,35 2261,15 
525.1 462.0 
1016.45 
179.7 
7f)?.50 
130,3 
101.40 
32.1 
191,90 
33.9 
59.30 
10.5 
333,51 
59.0 
109.70 
33.5 
0.00 
0.0 
0.00 
0.0 
109.70 
33,5 
97.22 
17.2 
2052.06 
504.2 
307,99 
54.4 
027.23 
169.0 
629.15 
12(1,5 
130,35 
20,3 
145,l? 
29,7 
52.39 
10,7 
291,69 
59,6 
131,66 
26,9 
0,00 
0.0 
0.00 
0.0 
131.66 
26.9 
02.77 
16,9 
2290,56 
469,6 
94,25 
19.3 
2ri 
Niii th lliMijnl SH 
June'92 Junc '9 l 
030.69 
486.7 
0.00 
0.0 
2.02 
1.2 
7*0.49 
422.4 
0 .00 
0.0 
t i .n4 
6.7 
040 .71 760.3J 
4 0 7 . 9 429 .1 
510 .00 363 .50 
296.5 2 0 5 . 2 
355.04 203.04 
194.9 159.7 
Afum I t L 
101.72 
5 9 . 0 
H I ; . 4 0 
90 .00 
52 2 
105.00 
6 0 . 9 
0 .69 
0 .4 
II 11(1 
0 .0 
0 .30 
0 .2 
0 .99 
0 .6 
85.75 
40 .4 
90 •<? 
M 1 
50.00 
S?.7 
75.00 
42 3 
0 . i '9 
0.4 
O.OII 
0 .0 
0 .30 
0 .2 
1.09 
0 .6 
47.15 39.65 
27.4 ?2.4 
1290.90 996.63 
, - M . n •>(•: '. 
• 457 .20 -235 .21 
•265 .4 -13? n 
Juiie'92 J i inc '9 l 
1601.05 1170.02 
612 .1 507 .7 
0 .00 
0 . 0 
10.00 
r.2 
0 .00 
0 .0 
in.27 
1(i.5 
Jccva 1CL 
1619.93 1216.29 
619 .3 524.2 
562 .40 
215 .0 
372 .51 
142.4 
85 .17 
32 .6 
9 / M 
U 1 
30.94 
14.9 
147.69 
56 .5 
107.50 
71.7 
I).IK) 
0 .0 
0 00 
0 .0 
107.50 
71 .7 
463.38 
199.7 
314.69 
135.6 
68 .09 
29 .3 
nil 14 
14 5 
37 .30 
(6 . 1 
98 37 
42 .4 
135.24 
50 .3 
0.(1(1 
0 .0 
0 .00 
0 .0 
135 24 
50 .3 
30.94 30 01 
14.9 16 4 
1530.91 1235.30 
M l ' . A ••\: 4 
276.60 116.23 
105.7 50 1 
Ji»ic'92 Jur>e'9I 
CJiolifM H/W C . L . 
Jurvc'92 Jiine'91 
1600.67 1205.aa 
509.2 501 .7 
0 . 0 0 
0 .0 
23.34 
0 .1 
0 .00 
0 . 0 
U . M 
6 . 2 
1712.0) \220.76 
597 .3 507 .9 
543.24 
189.5 
405.62 
141.5 
115.57 
40 .3 
9.' in 
12 2 
45 66 
15 9 
160 70 
5 6 . 1 
109 47 
66 .1 
0 00 
0 .0 
0 .00 
0 .0 
109 47 
6 6 . 1 
66.15 
2J .1 
431 .07 
179.3 
314 .81 
131.0 
8 2 . 0 8 
3 4 . 1 
75.29 
3 1 . 1 
36.54 
15.2 
140.05 
58 .3 
146.38 
6 0 . 9 
0 .00 
0 . 0 
0 .00 
0 . 0 
146.38 
6 0 . 9 
36 .79 
15.3 
ICnttoboninnn ICL 
Juno'92 Junc'91 
1739.43 1239.28 
6 5 3 . 8 522 .2 
0 00 
0 .0 
49 .04 
10.7 
0 .00 
0 . 0 
17.68 
7.4 
\769.27 1256.96 
67? 6 529 .6 
1610 79 1263.01 
•-6'. n 5?5.5 
282 69 104.13 
90 6 43 .3 
5 n . 2 2 
215.5 
371.04 
139.8 
lOJ 90 
39 .1 
94 \J 
1^ 5 
50 73 
22 .1 
165 34 
6 2 . 1 
166 33 
62 5 
0 00 
0 .0 
2 .20 
0 .9 
I6n 61 
63 .4 
63 51 
21 9 
466 .19 
196.4 
308 .39 
129.9 
76 .12 
3 2 . 1 
96 .30 
4 0 . 6 
51 .92 
2 1 . 9 
150.56 
63 .4 
131.15 
55 .3 
0 .00 
0 . 0 
1.75 
0 . 7 
132.90 
56 .0 
43 .36 
10.3 
Dhooron Chl.TCLMof 
1552.49 1138.92 
605 .4 503.4 
0.00 
0 . 0 
23 .06 
9 .3 
0 .00 
0 . 0 
2 6 , 4 7 
11 .7 
1576.35 1165.39 
6 1 4 . 7 515 .1 
1599 52 1325.74 
6(M 7 550 .6 
358 36 64 .12 
134 7 27 .0 
556.55 
2 1 7 . 0 
366 .27 
142.8 
102.04 
3 9 . 8 
90 ,34 
30 .3 
54 .55 
21 .3 
4 1 . 8 2 
16.3 
171.00 
66.7 
0 .00 
0 . 0 
0 .00 
0 .0 
171.00 
66.7 
4A9.77 
198.0 
306 ,97 
135 .7 
0 1 . 4 0 
3 6 . 0 
9 1 . 2 9 
40 .4 
4 1 . 0 0 
10.5 
95 .34 
4 2 . 1 
127.60 
56 .4 
0 .00 
0 .0 
0 .00 
0 .0 
12/^.60 
56 .4 
4 1 . 0 2 3 0 . 5 5 
Juno'9/! Juno'91 
1834.96 1295.15 
6 3 5 . 6 530.4 
0 . 0 0 
0 . 0 
5 2 . 4 0 
10.Z 
0.00 
0 . 0 
12.74 
5 .2 
1087.36 1307.89 
6 5 3 . 7 535 .6 
510 .29 
179.5 
404 .65 
140.2 
109.00 
3 7 . 8 
106.67 
3 6 , 9 
44 .95 
15.6 
237 .66 
02v3 
185.85 
64 .4 
0 ,00 
0 .0 
0 .00 
0 . 0 
105.05 
64 .4 
421 .49 
172.6 
327 .61 
134.2 
09 .01 
3 6 . 8 
01.Z1 
33 .3 
31 ,99 
13,1 
171,99 
70,4 
137,32 
56 ,2 
0 ,00 
0 ,0 
0 .00 
0 ,0 
137,32 
56 ,2 
59 .02 43.95 
16.3 
1432.41 
550.6 
314.94 
122.8 
13.5 
1224.96 
541.4 
60.11 
30.1 
20.7 
1666.97 
577,4 
406.24 
140.7 
10.0 
1305.37 
534.6 
139.04 
57.3 
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S I . 
No. 
E. 
1 
Descr ip t ion 
FINANCIAL PERfOflHANCE 
( R a . I n I n k h a > 
T r u f f l e Rnveium 
P B U O P<T O ( ( .km. 
2 Passenger Inx 
Palio fwr eti.km. 
3 Other RevefKie 
P B U O per cff.km. 
A Total Revenue 
P l l t a p«r a f f . k m . 
F. COST ( R s . l n Lnkht) 
1 Personnel 
Poise por e f f . k m . 
2 fue l K Lu l i r l f iK iH 
Poise per e f f . k m . 
3 Tyrrq It tulif^ 
('«l«n (ii-r e f f . k m . 
4 Sjinr e Fni Is i Other i 
PnUe fx;r ef f .km. 
5 In te res t 
Poise f>cr cf f .km. 
6 Deprec In t Ion 
Pnlsr |>er e f f . k m , 
7 H.V.Tox 
Poise per e f f . k m . 
0 PoS'icngrr Tnx 
Poise per e f f . k m . 
9 Other Inurs 
Poise per e f f . k m . 
10 Totnl Tnxes 
P n U r (>/T ef f ,km. 
11 Others 
Poise per e f f . k m . 
12 Totnl Co-.t 
Pnisc per e f f . k m . 
13 Sufplu' . f icfore Tnx 
PnIsc (>or e f f . k m . 
Horodhu Pan. TCL' 
Ji«io'92 Jv*>«'91 
IS'iA.69 n J A . 1 7 
6 ) 1 . 2 S 3 0 . I 
0 .00 
0 . 0 
28 .94 
11.7 
0 .00 
0 . 0 
4 2 , 6 7 
19 .9 
1585.63 1178 .W 
642 .9 550 .0 
495 .29 399 .80 
2 0 0 . 8 186,5 
3 5 I . J 6 294.00 
142.5 137.2 
Rani Hong 1CL 
Ji»ie'92 Jui>0'91 
121.45 
<9.2 
100.65 
4 0 . 8 
59 .93 
24 .3 
90 .92 
42 .4 
75.54 
35 ,2 
56 .19 
2 6 . 2 
174.69 116.94 
70.8 5 4 . 6 
151.93 122.96 
6 1 . 6 57 .4 
0 .00 
0 .0 
0 .00 
0 . 0 
0 .00 
0 . 0 
0 .00 
0 . 0 
0 .00 
0 .0 
0 .00 
0 .0 
151.93 122.96 
6 1 . 6 57.4 
42 .29 
17.1 
50 .41 
23 .5 
1497.59 1206.76 
607 .2 563 .0 
239.97 
97 .3 
95.04 
4 4 . 3 
n n 7 . 9 7 1036.ni 
629 .1 5 2 6 . 0 
0 .00 
0 . 0 
34 .15 
15.5 
0 .00 
0 . 0 
14.36 
r.3 
Annol Sathyo TCL Ncsomony TCL 
Ji«tn'92 Jii i)0'91 
H 2 2 . 1 2 1051.17 
644 .6 534 .1 
466 .96 393 .39 
211 .7 199 .9 
3 i n . l 3 270 .41 
144.2 141.5 
frT.57 
?n.8 
/i9,fl7 
3 1 . 7 
44 ,30 
20 .1 
69 .55 
35 .3 
63 .16 
3 2 . 1 
3 9 . 5 9 
20 .1 
154.71 125.76 
70.1 6 3 . 9 
140.40 110.14 
6 3 . 7 5 6 . 0 
0 .00 
0 . 0 
0 .00 
0 . 0 
140.40 110.14 
6 1 . 7 5 6 . 0 
56 .19 37 .02 
25.5 10 .0 
n i 4 , 2 1 1117.02 
595.7 567 .6 
1120.64 1152.16 
6 3 4 . 1 5 2 5 . 1 
0 . 0 0 
0 . 0 
11 ,43 
6 .4 
0 . 0 0 
0 . 0 
11 .77 
7 . 3 
1140.07 063 .93 
640 .5 5 3 2 , 3 
360 ,45 207 .53 
202 .5 177 .2 
239 .29 202.74 
134.4 124 ,9 
62 .22 
3 5 . 0 
72.11 
40 .5 
3 9 . 3 6 
2 2 . 1 
3 7 . 5 9 
2 3 . 2 
50.54 
31 .1 
3 0 . 9 7 
19 .1 
156.15 135.42 
0 7 , 7 03 .4 
?'.».59 
112.6 
4 4 . 2 9 
22 .5 
133.05 
7 4 . 7 
0 .00 
0 . 0 
0 ,00 
0 , 0 
133.05 
7',.7 
26.15 
14 .7 
10(m.70 
6 1 1 , 7 
104.34 
103.6 
104.20 
6'i.Z 
O.UO 
0 . 0 
0 . 0 0 
0 , 0 
104.20 
6 4 . 2 
10 .10 
11 .2 
067 .U9 
53^ .3 
101.04 
6 2 . 3 
Juno'92 JiiMO'91 
1063.00 011..4V 
6 0 3 . 7 4 9 6 , 3 
0 . 0 0 
0 . 0 
4 3 . 2 6 
2 4 . 6 
0 . 0 0 
0 , 0 
2 6 . 4 1 
16 ,1 
1107,06 0 4 1 . 9 0 
6 2 0 . 3 512 ,4 
4 5 6 . 7 0 
2 5 9 . 2 
240 .12 
1 4 0 . 0 
7 4 . 7 7 
4 2 . 4 
4 7 . 2 9 
2 6 . 0 
4 4 . 6 3 
2 5 , 3 
9 2 , 1 9 
5 2 , 3 
123.23 
6 9 . 9 
• 0 . 0 0 
0 , 0 
0 , 0 0 
0 . 0 
123.23 
6 9 , 9 
3 2 . 2 7 
10 .3 
inv.2o 
635 .2 
111,01 
6 3 . 0 
370.35 
225 .4 
223.34 
135 .9 
5 0 . 9 1 
31 .U 
5 0 . 2 9 
3 0 . 6 
36 .07 
2 2 . 0 
7 7 . 0 7 
4 6 . 9 
100 .16 
6 1 . 0 
0 . 0 0 
0 . 0 
0 . 0 0 
0 . 0 
100 .16 
6 1 . 0 
2 3 . 1 0 
14 .1 
VJ1 .37 
566 . V 
10,C,V 
6 .5 
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SijHlh llctiunl SIC 
Jiiiic'92 Juio'Vl 
Kn>liini)n ICl Aotvn.'irxlNtcobar SI 
Jiii\c'9e Jiinc'9l JI»K: 'V2 Jun«'91 J(»>c'9? Jijrvo'91 
2V2.2S 252.15 
4 i n . 6 399.7 
0.00 0.00 
0.0 0.0 
3.01 0.53 
4.3 O.n 
295.2A 25?.C.n 
422.9 400.5 
172.94 
247.7 
115.70 
165.7 
99.23 
157.3 
90.47 
143.4 
19.42 9.9n 
27.B 15.n 
52.51 2A.52 
75.2 42.0 
3.30 6?.91 
4,7 99.7 
29.25 39.51 
41.9 62.6 
0.00 0.43 
0.0 0.7 
0.00 0.00 
0.0 0.0 
? . 119 n . s ; 
3 .0 O.V 
2.09 1.00 
3.0 l.ft 
24.OJ 37.<SO 
34.4 59 .6 
419.24 367.22 
600.5 5112.1 
121./19 • m . ' i ' . 
•1 /4.6 -ino.O 
351.92 316.5) 
624.9 623.8 
0.00 0.00 
0.0 0.0 
14.55 19.92 
25.8 39.3 
3ft6.47 33A.43 
650.7 663.0 
143.6a 126.44 
255.1 249.2 
75.53 6a. 10 
134.1 134.2 
23,45 lA.OI 
41.6 31.6 
39.29 32.90 
69.8 64.8 
8.00 5.6A 
14.2 11.2 
28.50 36.07 
50.6 71.1 
0.00 0.00 
0.0 0.0 
20-73 23.18 
36.8 45.7 
3.ni k.U, 
6.8 9.2 
24.56 27.84 
43.6 54.9 
13.45 19.39 
25.9 3/1.2 
356.46 332.41 
632.9 655.1 
u.n; ii.n/. 
61.4 62.n 
MInuirhnI RIC 
61.08 
529.7 
0.00 
0.0 
0.00 
0.0 
61.08 
529.7 
M. 
34.5J 
306.9 
0.00 
0.0 
0.00 
0.0 
34.5J 
304.9 
1734.28 1301.91 
607.9 510.5 
0.00 
0.0 
21.07 
7.4 
0.00 
0.0 
16.70 
6.5 
1755.35 1318.41 
615.3 517.1 
075.44 774,98 
306.9 303.9 
490.70 433.16 
172.0 169.9 
2'9.67 190.87 
77.0 74.0 
176.88 158.67 
62.0 62.2 
Un.S5 139,97 
52.0 54.9 
225.38 176.16 
79.0 69.1 
176.49 135.77 
61.9 53.2 
0.00 0.00 
0.0 0.0 
O.DD 0.00 
0.0 0.0 
176.49 135.77 
61.9 53.2 
0.00 0.00 
0.0 0.0 
2312.91 2009.50 
810.7 708.0 
• in i .07 -555.20 
•133.6 -217.7 
Irlptiro RIC 
Juno'92 Juno'91 
39.50 
564.3 
0.00 
0.0 
1.50 
21.4 
41 .00 
565 .7 
5.00 
02.9 
5 .20 
74 .3 
5.00 
71.4 
11.00 
157.1 
40.00 
400.0 
0.00 
0.0 
3.00 
30.0 
43.00 
43Q,0, 
13.00 U.OO 
185.7 140.0 
07.00 04.00 
1242.9 040.0 
0 .50 
0 5 . 0 
5.00 
50 .0 
4.00 
40.0 
10.00 
100.0 
0.00 0.00 
0.0 0.0 
0.00 0,00 
0.0 0.0 
0,00 0.00 
0.0 0.0 
0.00 0.00 
0.0 0.0 
3.05 7 .00 
55.0 70 .0 
130.05 132.50 
1069.3 1325.0 
•09.05 -09.50 
•1203.6 -0V5.0 
Monlfxjr SRIC 
Juno'92 Juno'91 
29.37 21.99 
734.3 624.7 
0.00 • 0.00 
0.0 0.0 
17.00 0.06 
427.0 251.7 
46,45 30.05 
1161.3 076.4 
52.72 30.76 
1318.0 1101.1 
7.96 9.53 
199.0 270,7 
11,96 0.37 
299.0 237.0 
7,09 6,51 
177.3 104.9 
0,00 0.00 
0.0 0.0 
0.00 0.00 
0.0 0,0 
0.30 1.40 
7.5 39.0 
0.00 0.00 
0,0 0,0 
0,00 D.OI) 
0,0 0,0 
0,30 1.40 
7,5 39.0 
2,10 3.40 
52,5 , 90,9 
02.13 60.05 
2053.3 1933.2 
•35.30 -35.on 
-004,5 -10)7,0 
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SI. 
No. 
DsicrlptIon 
E. flHAHCUL PERFOflMAHCE 
(Rs. In LnklK ; 
1 Traffic Revenue 
pftUe per eff.km. 
2 Pfliscnger I«x 
P a U e per eff.km. 
3 Ottier Revenue 
Palia per eff.km. 
4 Total Revenue 
Paiie per eff.km. 
F. COST (Rs.ln Lokhs) 
1 Personnel 
Palse per eff.km. 
2 Fuel & Lubrlcnnts 
Palio per eff.km. 
3 Tyres I Tubes 
P a U e per eff.km. 
4 '.imi n I'm !• i Otlirr • 
Palie per tff.km. 
5 Interest 
poise per eff.km. 
6 Depreciation 
Poise per eff.km. 
7 M.V.Tox 
Poise per eff.km. 
8 Pnsscrigcr Tnx 
Po\»o per eff.km. 
9 Other Tnxes 
Pnl'ie per eff.km. 
10 Totnl Inxcs 
Poise per eff.km. 
11 Otiier* 
PnlBO per of f.km. 
12 Totnl Cost 
Pnisc per cf f.km. 
13 Sur()lui before Inx 
Poise per eff.km. 
D e l h i IC 
Jun«'92 Jun«'91 
4^47.10 2904.22 
650 .7 414 .0 
2 1 2 . U 180.52 
29 .1 25 .0 
138.42 127.87 
19.0 \T.T 
5097.69 3294.61 
698 .0 456 .8 
4021.25 
551.2 
1 K 2 54 
156.6 
476.02 
65 .3 
415 .01 
56 .9 
3835.01 
525.8 
358.Oa 
53.3 
52.77 
7.2 
3357.03 
465.4 
1100 96 
152.6 
370.62 
51.4 
370,08 
51 .3 
2594.13 
359 .7 
390.72 
54 .2 
45 .41 
6 .3 
BtSI UiKJertnkIng 
Jijr>«'92 Ji#>e'91 
212.17 
29.1 
->7.36 
3 8 
292.30 
40.1 
2;o.u 
37.0 
100 52 
25.0 
29.05 
4.0 
254 9fl 
35.4 
202.45 
39.2 
10042.00 8720 97 
1406.2 1209.1 
-5452 01 -5171 .30 
-747 .4 -717 0 
6646.98 495B.25 
127V.3 11V0.6 
O.OO 
0 . 0 
0 .00 
0 .0 
384 .87 317.79 
74 .1 76.3 
7031.8$ 5276.04 
1353.4 17^.6.9 
3029 .41 2177 00 
583 .1 523 .0 
902 .32 67iS 06 
i n . 7 150.5 
224 .66 198 20 
4 3 . 3 4 7 . 6 
192.32 ?U V, 
3 7 . 0 57 .1 
592.7V 291 12 
75 .6 6 9 . 9 
599.25 462 75 
115.3 111.1 
25.44 23 16 
4 . 9 5 6 
237.65 173 54 
4 4 . 6 41 7 
103.05 09 93 
19.fl 21 6 
361.14 20<'. 63 
69 .5 60 0 
1528.00 1400 20 
294 .1 355 4 
7230.09 5761 59 
1391.6 1301 5 
162.90 -190 9? 
31 .4 -47 0 
C a l c u t t a SIC 
Jur>«>92 June'91 
894.92 732.24 
611.2 532.2 
0.00 
0.0 
25.50 
17.4 
0.00 
0.0 
25.00 
10.2 
920 .42 757.24 
6 2 8 . 6 550 .3 
1067.45 
729 .0 
260 .00 
' 17C.2 
110.42 
75.4 
170.50 
116.4 
241 .40 
164,9 
146.75 
100.2 
0 3 9 . 5 0 
6 1 0 . 1 
206 .50 
150.1 
95 .45 
69 .4 
150.74 
109.2 
240 .25 
174,6 
140.25 
101.9 
10.75 11 .00 
7.3 0 . 0 
Pinvr IChliHicliund HI 
Juno'92 Juna'VJ 
0 . 0 0 
0 . 0 
0 .00 
0 . 0 
10.75 
7 .3 
70 .23 
4 0 . 0 
0 .00 
0 . 0 
0 .00 
0 . 0 
11.00 
n.o 
6 0 . 0 0 
5 0 . 0 
2070.30 1751.99 
1419.4 127J.2 
1147 21 -901 .75 
•703 .5 - 7 1 4 . 9 
220 .63 
6 7 0 . 2 
0 . 0 0 
0 . 0 
12 .00 
3 0 . 9 
233 .43 
709 ,1 
104.42 
3 1 7 . 2 
65 .0? 
197.5 
15 .41 
4 6 . 0 
17.1/1 
5 2 . 2 
0 . 0 0 
0 . 0 
0 .00 
0 . 0 
7 . 9 7 
2 4 . 2 
5 . 5 7 
16.V 
6 . 7 1 
2 0 . 4 
20 .25 
6 1 . 5 
0 . 0 0 
0 . 0 
2 3 9 . 2 9 
6 3 9 . 3 
0 . 0 0 
0 . 0 
y .S2 
25.4 
2 4 0 . 0 1 
6 6 4 . 7 
7 2 . 4 2 
193 .5 
6 3 . 2 1 
160 .9 
16 .09 
4 3 . 0 
2 3 . 7 0 
6 3 . 5 
0 . 0 0 
u.o 
0 . 0 2 
0 . 1 
9 . 9 1 
26 .5 
9 . 2 1 
2 4 . 7 
7 .01 
1 0 . 7 
26 .15 
69 9 
0 . 0 0 
0 . 0 
2 2 2 . 2 0 2 0 1 . 6 7 
6 / 5 . 2 DJO.O 
3 1 . 4 0 7 3 . 2 9 
95 .4 191i,0 
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Punc H . r . 
June'92 June '9 l 
Solti(>.jr M?U 
V^'. .JO JldV.ii 
ni5.9 nu . i 
34.V8 
J9.A 
3 2 . 5 9 
27 .6 
29 .36 
.••9.? 
25.05 
25.2 
10^1.95 |\f,^ 9ft 
404 74 
342.4 
224 59 
190.0 
55 40 
46 .9 
Wl. i l 
57 .8 
1ft n2 
31 .2 
ftl 27 
• j t .n 
21.43 
10.1 
34.90 
29 .6 
n.26 
0 2 
5A 67 
47 .9 
94.06 
79.6 
1001.94 
047 .7 
(Ift ftd 
73.3 
330.01 
331 .9 
ins 60 
106. r 
52 69 
53 0 
50. 14 
50 4 
21 .01 
2 M 
50 (15 
SO i 
i9 . : !9 
19 5 
29 . i 6 
29.5 
0.05 
0 0 
40 .70 
49 1 
73.90 
74 3 
012.20 
816 9 
Kill 46 
101 0 
Junc'92 Jur>e'9t 
140 69 
762.5 
0 .00 
0 . 0 
0 00 
0 . 0 
u n A9 
762.5 
44.05 
225.8 
3S 19 
100.5 
6 45 
31 1 
9 no 
50 3 
0 00 
0 0 
0 00 
0 0 
0 .83 
4 .3 
5 23 
2 6 . 8 
0 .00 
0 .0 
6 06 
31 .1 
0 .00 
0 0 
101.53 
5 2 0 . 7 
SJ ,•.•' 
272 9 
9 4 . 4 7 
720.6 
0 . 0 0 
0 . 0 
0 . 0 0 
0 . 0 
9 6 . 4 7 
728.6 
20.02 
151.2 
2 3 . 8 1 
180.0 
2.15 
16.2 
7.50 
56 .6 
0 .00 
0 . 0 
0 .00 
0 .0 
0.70 
5 .3 
3.42 
2 5 . 8 
0 .00 
0 . 0 
4 .12 
31 .1 
0 .00 
0 .0 
57.62 
435.2 
4 2 . 9 7 
324.5 
Kolhnixir HfU Thono Munlclpni lU 
June'92 Junt '91 
177.92 
955 .0 
0 .00 
0 .0 
6.94 
3 7 . 1 
IP'. B6 
992 .3 
141.24 
920 .1 
0 .00 
0 .0 
1.32 
6 .6 
142.54 
9 2 8 . 7 
Jiin«'92 Juno'91 
72.09 
307 .0 
34 56 
105.5 
11 90 
ftl 9 
0 23 
44 2 
17 59 
94.4 
in 70 
97 7 
3 35 
10.0 
3 31 
17.8 
3 52 
10.9 
10 10 
54.6 
11 03 
59 .2 
101 70 
906 5 
I I 26 
60 .4 
6 5 . 2 9 
425.3 
27.54 
179.4 
9 .37 
6 1 . 0 
4.67 
30.4 
10.59 
69 .0 
2 .72 
17.7 
1.00 
6 .5 
5.06 
33.0 
3.00 
19.5 
9 .04 
59 .0 
12.27 
79 .9 
141.51 
921 .9 
1 0 . n 
6 5 . 9 
45 .13 
1190.0 
1.69 
4 4 . 6 
1.26 
3 3 . 2 
4 0 . 0 8 
1260.6 
17.84 
4 7 0 . 7 
7 .31 
192.9 
0 .12 
3 .2 
0 .48 
12.7 
1.46 
30 .5 
5 .00 
155.1 
0.04 
1.1 
1.69 
4 4 . 6 
1.56 
41 .2 
3 .29 
0 6 , 0 
0 .00 
0 .0 
36 .30 
9 5 9 . 9 
14.99 
395.5 
30.15 
1200.2 
1.39 
4 6 . 6 
0 .73 
2 4 . 5 , ; 
4 0 . 2 7 
1351.3 
12.12 
4 0 6 . 7 
5 .19 
174.2 
0.50 
16.0 
0.37 
12.4 
O.OO 
0 .0 
10.74 
360.4 
0 .00 
0.0 
1.39 
4 6 . 6 
0 .00 
0 .0 
1.39 
4 6 . 6 
0 .00 
0 .0 
30 .31 
1017.1 
11.35 
300 .9 
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The data given in the big table give the 
performance statistics for state transport undertakings 
(STUs) for the quarter ending June, 92. In the data, 
physical performance, staff position. Fuel performance, 
accidents, financial performance, and cost have been taken 
into consideration. Average number of buses held in rural 
areas were 77946 in 1991, it became 80147 in 1992. The 
number of buses increased in 1992 were 2201. In the case of 
hilly region it decreased by 37 buses in 1992. In 1991 
there were 1845 buses but it came down to 1808 in 1992. In 
urban areas number of buses increased by 453 in 1992. When 
we see the over all increase or decrease of buses in all 
areas we find that, it has increased by 2617 buses in 1992 
as comparison to 1991. 
Average number of buses on road were 68777 in 1991, 
it rose to 71378 in 1992 In rural areas. In hilly region 
no bus increased in 1992. In case of urban areas, it 
increase by 774 buses in 1992. Over all increase of average 
number of buses on road In 1992 as comparison to 1991 were 
3375. Percentage fleet utilisation in rural areas in 1991 
wore 88.2 it camo upto 89.1 In 1992. The incrooBO of 
percentage fleet utilisation in hill region, urban and as a 
whole total were 1.8, 4.1, 1.2 in 1992. 
Staff position consist of traffic, workshop and 
maintenance, administration & Accounts, total staff, staff 
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per bus on road, effective kms per staff per day. Staff in 
traffic in i991 were 36453J but it increased to 378377 in 
1992 in rural areas. The increase of staff in urban were 
4124 in 1992 but number of staff in traffic decreased by 
428 in hill region in 1992. Position of staff in workshop 
maintenance were 120211 in 1991 but came down to 119158 in 
1992 in rural areas. In hill and urban areas staff 
increased from 2505 to 3007 and 19186 to 19841 in 1992. 
Total staff in rural, hill and urban areas were 569740, 
9955, 97773 in 1992. 
Total accidents took place in rural, hill and urban 
were 6204, 61, 1994 in 1991 but it increased to 6635 in 
rural and decreased to 24 in liill and 1686 in urban areas 
in 1992. 
When we pay a glance on financial performance of 
different undertakings we find that, traffic revenue were 
119297.83, 1363.90, 10001.41 in rural, hill and urban areas 
in 1991, it increased to 136424.44, 1803.15, 13845.75 in 
rural, hill and urban areas in June 1992. Paise per 
effective km in rural were 634.5 in 1991 it increased to 
680.6 in June 1992. In hill region there were 507.9 but 
increased to 608.6 in 1992. In urban areas it increased 
from 692.7 to 871.6 in 1992. Total revenue were 124710.11, 
1392.46, 10719.96 in rural, hill and urban areas in 1991 
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but it varied to 142143.63, 1842.80, 14696.97 in rural, 
hill and urban areas in Juno 1992. 
We see that consideration of cost was taken from 
personnel, fuel and lubricants, tyres and and tubes, spare 
parts and others, interest, depreciation, motor vehicle 
tax, passenger tax, other taxes, total taxes, total costs, 
surplus before tax, other etc. cost on personnel were 
44367.74, 827.74, 6874.27 lakhs in rural, hill and urban 
areas in 1992. 
In the data Maharashtra SRTC, Andhra Pr SRTC, 
Karnataka SRTC, Gujrat SRTC, Uttar Pradesh SRTC, Kerala 
SRTC, Rajasthan SRTC, S.T. Punjab, Cheran TCL, pepsu RTC, 
Thanthai Peri TCL, ASSAM STC, Pandiyan RWCL, Thiruvalluvar 
TCL, North Bengal STC,Anna TCL, Jeeva TCL, Cholan R/W C.L., 
Kattabomman TCL, Dheeranchi TCL, Marudhu Pan TCL, Rani Mang 
TCL, Annaisathya TCL, Nesa Mony TCL, South bengal STC, 
Kadamba TCL, Andaman & Nicobar ST, Himachal RTC, Tripura 
RTC, Manipur SRTC, Delhi TC, BEST Undertaking, Calcutta 
STC, Pimprichinchwad MT, Pune MT, solapur MTU, Kolhapur MTU, 
Thane Municipal TU etc. have been taken into consideration. 
The average number of buses held in Maharashtra 
SRTC were 15670 in June 1991 it increased to 15717 in June 
1992. The number of buses in UPSRTC were 8097 in June 1991 
it came down to 7928 in June 1992. Maharashtra SRTC have 
3G 
hlqheBt numbor of buses whirli are 15717 till June 1992 then 
Andhra Pr SRTC have 15096. Karnataka SRTC comes in third 
position. There are 9247 buses till June 1992. Gujrat SRTC 
and UPSRTC come at fourth and fifth place which have 8354 
and 7928 averago number of husos till Juno 1992. Puno MT, 
Solapur MTU, Kolhapur MTU and Thane Municipal TU have 
lowest number of buses till June 1992. They hold 635, 105, 
102, and 80 average number of buses respectively. 
Staff position of different SRTC are based on their 
average number of buses held. In traffic there are 67974, 
85127, 36900, 39818 employees in Maharashtra SRTC, APSRTC, 
Karnataka SRTC, and Gujrat SRTC respectively. 
Maharashtra SRTC has highest accidents which are 
1016 in June 1992. UPSRTC has 362 and the lowest Tripura 
RTC which are two accidents only. Fuel performance is high 
in Gujrat SRTC which is 5 kmpl but lowest performance have 
Andaman & Nicobar ST 3 KMPL in 1992. 
In the previous pages six diagrams have been 
depicted they are (I) state Transport Undertakings (STUS) 
cost QE. June 1992 {II) STUs cost QE. June 91 (III) Bus 
utilisation in 1991 and 1992 (IV) Manpower productivity in 
1991 and 1992 (V) fuel performance in 1991 and 1992 (VI) 
Accident rate in 1991 and 1992. 
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The diagrams show overall conditions of all STUs in 
our country. The data and diagrams clearly depict the 
performance of state transport undertakings in our country. 
PHYSICAL PERFORMANCE OF SRTUs: 
Physical performance of SRTUs hill region and rural 
are different. Average number of buses held in June 1992 in 
rural areas were 80147 and in Hill region 1808 buses and in 
urban region there were 9829. Number of buses on road were 
71378 in rural areas, 1649 in hilly region and 8498 buses 
In urbnn ^\ronR' In 1992 Pcrrnnt fleet utilisation was 89.J 
in rural, 91.2 in hill region and 86.5 in urban areas. Bus 
utilisation in rural was 308.6, 197.4 in hill region and 
205.4 in urban areas in 1992. Buses which remained idle 
whole day were 274.8 in rural areas, 180.1 in hill region 
and 177.6 in urban areas in 1992. Total effective KMs in 
lakhs were 20045.28, 296.29, 1588.54 in rural, hill and 
urban areas during June 1992. Passenger Kilometres in lakhs 
were 899632 in rural, 9753 in hill, and 82213 in urban 
areas during 1992. 
FINANCIAL PERFORMANCE OF SRTUs: 
Traffic reveneue was 136424.44, 1803.15, 13845.75 
in rural, hill, and urban areas during 1992. Passenger tax 
38 
wnft 2767.89 in rural areas nnd In hill It wan nil, in urbnn 
it was 248.84 in 1992. Other revenue was 2951.30 in rural, 
39.G5 In hill nnd 602.38 it\ urban aroas during 1992. CooL 
on Personnel in rural was 51110.48 in rural, 941.16 in hill 
and 8761.23 in urban areas during 1992. Cost on fuel & 
lubricants was 27639.63 in rural, 585.66 in hill, and 
2672.41 in urban areas in 1992. Cost on tyres and tubes 
were 9780.40 in rural, 237.43 in hill and 900.66 in urban 
areas during 1992. Cost on interest was 6587.87 in rural, 
153.35 in hill and 4525.87 in urban areas in 1992. Cost on 
Depreciation was 13183.38 in rural, 236.38 in hill and 
1220.23 in urban areas during the year 1992. Cost on motor 
vehicle Tax was 7830.16 in rural, 176.79 in hill and 122.58 
in urban area during June ending 1992. 
PERSONNEL PERFORMANCE OF SRTUs: 
Position of staff in traffic was 378377 in rural, 
5749 in hill, and 64023 in urban areas during 1992. 
Personnel for workshop maintenance was 119158, 3007, 19841 
in rural, hill and urban areas during 1992. Employees for 
look after the administration and accounts were 59370,1199, 
13909 in rural, hill and urban areas during 1992. There 
were 569740 total staff in rural areas, 9955 in hill 
regions and 97773 in urban areas during 1992. Staff per bus 
on road was 7.98 in rural, 6.04 in hill and 11.51 in urban 
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areas during June ending 1992. Effective kms per staff per 
day was 38.66, 32.71, 17.85 in rural, hill and urban areas 
in 1992. 
TIIANSPOHT ADSTRACn'S: 
Strategic planning activities can, to varying bo 
anticipatory or hind sight in orientation. Anticipatory 
activities prepare the firm for future strategic surprises 
and enhance the firms effectiveness in dealing with 
turbulence and unpredictability in the external 
environment. While both sets of activities are necessary to 
7 
maintain the balance between effectiveness and efficiency. 
Transport is an essential activity of modern 
c 1VI 1 I rtnt-1<M\ nt\(l afCectn every one phcl^  day o£ -thfsir liven. 
Communications and transport systems are more developed in 
countries with a high gross Domestic product (GDP). 
Historically the demand for movement has increased in 
relationship to GDP. Constraint on this demand would only 
be possible if every one was prepared to accept a different 
life style with loss opportunities for travel. Transport 
planning concerned with striking a balance between various 
demands and methods of mooting tliat demand. 
Some of the initiatives which have been introduced 
include a 'user pays' charge system for operators of heavy 
7. V. Rajaram, Strategic Planning, International Journal of 
Stratgic Management, Vol. 25, No. 3,1992,pp.86-97. 
8 M.N.T. Cottel, Planning for Roads, International Journal 
of Strategic Management, Vol. 25, No. 3, 1992, pp. 70-78. 
40 
vehicles, corporatisation of the railways and other 
transport enterprises, reviews of the school bus, passenger 
bus and taxi industries, reforms to transport legislation. 
Developing countries have unique problems and needs 
which must be considered when attempting to identify and 
evaluate the environmental impacts of land transport like 
air, noise and water pollution. 
Organisations exist to serve lives. This implies 
that organisations employ people who help it to fulfill 
organisations goals and objectives. Organisational goals 
and objectives are fulfilled through the effort of people 
who work for the organisations. Employee participation is 
only meaningful when management directs and channels the 
thoughts and energies into areas that account for 
productivity. It should be in keeping with the overall 
goals and objectives of the organisation. Having identified 
the parameters of participation, employees are provided 
with the means to bring about meaningful charge through the 
participation scheme. . 
In order to make this performance appraisal of 
transport undertakings a number of books, journals and 
periodicals have been consulted to make fruitful study of 
the subject. The details are as under. 
9. Thomas, M.K. Journal of Transport Management, A 
Publication of Association of SRTUs, Pune, October, 
1992, pp. 57-58. 
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Daig Nafces, Iqbal B.A., in their book on 
"Transport as a constraint for the Agro-industrial 
Development of U.P." have pointed out the transport 
constraint as an important impediment in the growth' of 
rural industries in the state of U.P. 
Prasad, C. in his research report on "Role of 
transport in economic development with special reference 
to India" has devoted his energy for the developmental 
aspect of transport in India. He has highlighted the 
problems of transport and different agencies involved in 
the development of transport. lie has given concrete points 
to solve the problems. 
Singh, N.P. in his book on "Financial Management 
in State Enterprises" has highlighted the origin and 
growth of Bihar State Road Transport Corporation. The 
performance of the BSRTC, the system of accountability, 
organisation of finance function in the BSRTC etc. on the 
points which have been examined in the book. 
Khan, H.I."'-^  has worked on "Problems of the BSRTC" 
and has given emphasis on the nationalised transport 
10. Prasad, C. Role of Transport in Economic Development 
with special reference to India, Bihar University, 
Muzaffarpur, 1975. 
11. Singh, N.P. Financial Management in State Enterprises, 
Capital Publishing House, Delhi, 1989. 
12. Khan, H.I., Problems of the BSRTC, Magadh University, 
Gaya, 1989. 
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condition of Bihar. He has concentrated his research work 
on the BSRTC and problems attached to this particular 
organisation. He has given remidial measures to solve the 
problems faced by the BSRTC. 
13 Jain, J.K. in his book transport economics has 
given macro level transport condition. He' has highlighted 
the condition of transport before independence and after 
independence and has analysed the socio-economic 
significance of road transport, problems of road transport 
in gonornl and various wayB of bringing efficiency in the 
sector have been highlighted in the book. 
14 D.S. Beach in his book "The Management of people 
at work" has highlighted various ways, methods and 
techniques of performance appraisal. He has mentioned the 
key points which may be used by any researcher to appraise 
the performance of the topic on which he has to work. 
Appraisal methods, rating scales, management by 
objectives, interpersonal comparisons, organisational 
influences, appraisal and personal development have been 
fully summarised. 
13. Jain, J.K. Transport Economics, Chaitanya Publishing 
House, Allahabad, 1986. 
14. Beach D.S., The Management of People at Work, Fourth 
Edition, 1980. 
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Srivastava, A.N. in his report of yearly work 
description of the UPSRTC during 1991-92 has given full 
information of organisation, Zonal Board of director of 
transport rorporntion, oporntion of tho UPSRTC, hurnnn 
resource development of the UPSRTC, present position of 
the UPSRTC, workshop organisation of the UPSRTC, Effort of 
making the condition of operation good of the UPSRTC, 
various statistical data of the UPSRTC. He has fully 
depicted the working, performance and present problem of 
tho UPSRTC. 
The Journal "The nSRTC a glance" by Mr. Jio Lnl 
Arya, President of organising committee depicted the 
condition of the BSRTC since 1953 to 1985. The graph of 
Profit & loss, condition of depots and data of various 
zonal offices, workshop management, and full report of 
vehicle position every day, vehicle on road, accident 
rate, income, expenditure of the BSRTC in particular 
period assisted me a ]ot. 
"The administration report of the BSRTC of 1969-70 
ani 1982-83" provided report of staff i)Osition, analysis 
of operation, ^'ehicle position and utilisation, 
composition cf "the bus fleet, General Statistics, Revenue 
analysis, Balance Sheet, Siimmary of default C£jse;3, routes 
4'! 
taken over during April 19G9 March 1970 and after that, it 
provided me a lot to compare the BSRTC to the UPSRTC. 
Various authors and researchers have thus worked 
on different aspects of road transport. The focus of my 
study has the performance appraisal of the BSRTC and its 
comparison to the UPSRTC. The purpose of the study is to 
indicate the areas where road transport has become the 
most important impediment so far as the infrastructural 
development of the region is concerned. 
CONCLUSION: 
In conclusion, it may be observed that a well 
planned transport growth can play a crucial role in the 
development of under developed regions of a country. 
Without adequate facilities of moving goods and people 
from one place to another a country can not achieve 
economic progress. Growth of transport network enables 
society to enjoy the advantages of specialisation and 
division of labour. Transport is basic infrastructure of 
economic development. It helps the growth of industry, 
agriculture, trade and commerce. No doubt, some concrete 
development of roads and road transport system have been 
attempted in post plan era. Yet there still remains a lot 
to be accomplished in so far as the development of road 
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transport on right lines is concerned. There are a number 
of problems associated with the development of road 
transport in the country. Their solution with concerted 
efforts on the part of the transport operators, the 
government and other agencies is urgently called for. The 
next chapter will be devoted to make a study of the 
problems of road transport system in the country. It will 
also focus on the performance appraisal of transport 
undertakings with special reference to BSRTC & UPSRTC. 
4G 
In the preceding chapter we have discussed in 
detail the conceptual framework of the study where we have 
outlined the objectives of the study. In the present 
chapter an analysis of the performance of transport under-
taking^will be made. 
As we all know that appraisals are an aid to 
creating and maintaining a satisfactory leveJ of 
performance by employees on their present jobs. When the 
actual evaluation process Is followed up with an appraisal 
interview with each employee, it may contribute toward more 
effective or improved performance on the part of many 
individuals. 
In our daily lives we continually size up and form 
opinions of the people with whom we come in contact. In 
social relations this is done quite actually, often 
subconsciously, rarely and systematically. If one wishes to 
select a barber, dentist, physician, or a home builder, he 
may be some what more thorough in the manner in which ho 
forms judgements. When we move into the area of cooperative 
group endeavors in short, organisations. We find that 
supervisors must continually judge the contributions and 
abilities of their subordinates. Certain individuals arc 
more adept at doing one type of work than another, certain 
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ones cannot be depended upon to carry through an assignment 
to completion, others show cjront initiative and reliability 
and can take on projects with a minimum of supervision. The 
supervisor must frequently make decisions pertaining to the 
pay treatment of his employees, as well as employee 
placement, transfer, promotion and individual development. 
Shall these personnel actions be based upon spur of the 
moment decisions, or shall they be based upon carefully 
thought our judgements made by a supervisor in 
collaboration with others and formulated in a systematic 
manner? 
Because managers must make judgement of their 
employees almost constantly and for many reasons, the 
question naturally arises as to whether this should be 
formalized into a systematic performance appraisal program 
or whether it should be a haphazard, disorganized affair. 
Because evaluation goes on all of the time, the question is 
not whether to appraise employees. Rather it is how to 
evaluate people, the over.wheiming weight of argument is in 
favour of the formalized performance appraisal approach. 
Under a formalized appraisal system supervisors and 
managers are encouraged to observe the behaviour of their 
people. They tend to be interested in their training and 
development. Judgements, often from many raters, are 
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recorded on paper and placed in the individuals personnel 
folder. Decisions on personnel changes of status are not 
left to the vagaries of recollections of busy supervisors. 
Human memory is often unreliable. Hidden talents are 
sometimes uncovered, especially if a number of raters 
appraise the same individual. A formal rating procedure 
minimises the likelihood of capable people being overlooked 
for training opportunities, pay raises, promotions, and new 
assignments. It is difficult to operate a large 
organisation without some form of written appraisal plan, 
when comparing candidates for promotion for different 
organisational units, management must have written records 
of ratings so that, sound dcc-inions can be made. Sometimes 
the ultimate decision maker is high in the organisational 
hierarchy, and he does not personally known the individuals 
being considered for the post. He must rely heavily upon 
ratings, records, and written recommendations. In a survey 
of 426 manufacturing firms distributed across the principal 
manufacturing industries, the National Industrial 
Confnronco Hoard foiind thnt- 67 percent had omployor> 
appraisal programs. Another study of 567 firms know to have 
progrpssivp pornoimcl progrniiui rcvoalod that GO. 5 porccuL 
had pcrforiuanco appraisal programs for supervisors and 45.3 
percent had plans for executives. . 
1. Beach D.S., The Management of People at Work, Fourth 
Editon, 1980, pp. 288-289. 
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EVOLUTION OF APPRAISAL: 
Systematic employee appraisal techniques came into 
prominence during and immediately after the World War I 
era. It was then that Walter Dill Scott succeeded in 
persuading the United States Army to adopt his "man-to-man" 
rating system for evaluating military officers. During the 
1920's and 1930's, industrial concerns began installing 
rational wage structures for their hourly employees. They 
established the policy that in-grade wage increases would 
be based upon merit. The early employee appraisal plans we)'^ -
called merit-rating programs. Indeed, the term merit rating 
was by far the most widely accepted designation until the 
mid 1950. 
Most of the merit rating plans from 1920 to the mid 
1940 were of the rating scale type with factors, degrees, 
and points. Indeed, the analogy between a point plan of job 
evaluation and a rating scale plan of merit rating is very 
close. 
Commencing in the early 1950 great interest 
developed in the performance appraisal of technical, 
professional and managerial personnel. It was recognised 
that appraisal, on a systematic basis, was an integral part 
of a well designed development program. The terms like 
no 
personnel appraisal, personnel review, progress report, 
service rating, performance evaluation and effectiveness 
report are commonly used in Indian industries. 
In big industries thoro are many typos of cmployooB 
having different designations - One type of employee like an 
Engineer has to be recruited to operate a highly scientific 
machine. There are many engineers having same 
qualifications, experience in that unit. So, how an 
efficient person who is an engineer will be selected ? As 
we know the human being by nature is different. Someone has 
leadership quality, others are hardworking but not having 
leadership quality, others are intelligent. So, on which 
basis an efficient Engineer will be recruited? It is the 
method of appraisal which assists us to recruit the best 
2 person. 
Ordinarily the evaluation is made by the 
individuals immediate superior in the organisation, and 
this is reviewed in turn by his superior. Thus, every one 
in the organisation who rates others is also rated by his 
superior. Tliis is true for all except non-supervisory 
employees. 
Management by objectives has become very popular in 
recent years. The philosophy under lying this system is 
2. Personal observation of the researcher. 
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different from that of conventional appraisal. Management 
by objectives (sometimes called appraisal by results) 
emphnHi/PB tho Rotting of porformfincG goalR on a mutually 
agreeable basis by discussion between the individual and 
his immediate superior. The superior plays more of a 
supportive and coaching role than a Judgemental one. This 
appraisal system is most commonly applied to managerial, 
professional, and sales personnel. In its broadest sense 
mnnncjoinont by oljjoctlvoH 1B lonlly a procoflB of innnnging. 
It embodies the heart of the managerial art. 
When a rater evaluates someone, he tends to think 
in terms of what kind of a person he is and what he has 
done. Thus appraisal plans require the rater to rate or 
score the employee on his personal traits and 
characteristics and on his contributions. Determination of 
the former is rather subjective, since different raters may 
appraise the same individual differently. 
In recent years management has tended to place the 
greatest weight in appraisal upon the actual results people 
achieve on their jobs, it is recognized that two people can 
have quite different personalities and yet be equally 
effective in their work. This can be true even on the same 
job or occupation. 
3. Beach D.s., The Management of People at work. Fourth 
Edition, 1980, p. 291-292. 
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This approach of individuals performance appraisal 
can also be true for organisations and undertakings. In 
the pages that follow we will study performance appraisal 
in transport undertakings. 
PERFORMANCE APPRAISAL IN TRANSPORT UNDERTAKINGS: 
Perfomance appraisal of39 undertakings are depicted 
here . Names of those undertakings are given as under. 
1. UPSRTC, 2. BIUhR SRTC. 3. Maharastra SRTC, 4. AP, SRTC 
5. Karnataka SRTC, 6. Guirat SRTC,7.Kerala SRTC, 8. 
Rajasthan SRTC, 9. S.T.Punjab, 10. Cheran TCL, 11. Pepsu 
RTC. 12. Thanthaiperi TCL, 13. Assam STC, 14. Pandiyan 
RWCL. 15. Thiruvalluvar TCL, 16. North Bengal STC, 17. Anna 
TCL, 18. Jeeva TCL, 19. Cholan R/W C.L., 20. Kattabomman 
TCL, 21. Dheeranchi TCL, 22. Marudhu pan. TCL, 23. Rani 
Mang TCL, 24. Annai Sathya TCL, 25. Nesamony TCL, 26. South 
Bengal STC, 27. Kadamba TCL, 28. Andaman & Nicobar ST, 
29. Himachal RTC, 30. Tripura RTC, 31. Manipur SRTC, 32. 
Delhi TC, 33. BEST undertaking 34. Calcutta STC, 35. Pimpri 
Chichwad MT, 36. Pune MT, 37. Solapur MTU, 38. Kolhapur 
MTU, 39. Thane Municipal TU. 
Physical performance, staff position, fuel 
performance. Accident rate, Financial performance, and cost 
will be taken into consideration to appraise the 
performance of these undertakings. 
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PERFORMANCE APPRAISAL OF THE HSRTC: 
Bihar SRTC has not been given to private people to 
manage the buses of corporation ye/Because of loss to the 
corporation every year there was serious problem of finance 
to the BSRTC. the vehicles which needed minor or major 
repair were in large numbers lying on different depots, 
because of lack of finance in the BSRTC employees could not 
receive their salaries for long time. They were unsatisfied 
from their jobs. They did not take much interest in the 
works. Mismanagement from top to bottom, serious 
competition from private vehicle honours, boundation of 
issuing pass to freedom figlitors, school going children, 
other reputed employees bound the corporation to suffer 
great loss, habit of plying buses of the BSRTC with less 
number of passengers for long distance, lack of comfort in 
the BSRTC vehicles bound the Govt.to think about the corp.-
Now, I think that privatisation is the only solution for 
the profit less corporation like the BSRTC. As govt, has 
4 
taken step in this direction. . 
4. Personal observation of^ARosoarcher. 
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On 1st May 1959 the BSRTC came into existence. At 
the time of inception of corporation there were 146 routes 
and 549 vehicles. In 1985 number of routes and vehicles 
increased upto 643 routes and 1635 vehicles. In the 
beginning there were 3433 employees which increased to 
12,400 on 1990. On 1959 there were 146 routes, 11362 route 
KM, 4 regional offices, 7 depots, 1 central workshop and 
3433 employees. On 1970-71 there were 382 routes, 45396 
route KM, 6 regional offices, 36 depots and 7824 employees. 
On 1980-81 there were 645 routes, 92816 route KM, 13 
regional offices, 36 depots, 13003 employees. On 1985-86 
there were 643 routes, 91098 route KM, 10 regional offices, 
5 
36 depots and 12400 employees. 
The data clearly shows that,route, route KM, depots, 
number of employees increased year after year to the BSRTC 
but great Loss bounded the corporation to run at low efficiency, 
In 1959-60 there were 514 vehicles to the BSRTC 
which increased to 1371 in 1970-71 and 1751 in 1980-81. In 
1985-86 the number of vehicles came down to 1635 and at 
present condition is in downfnll stage. In 1986 corporation 
Mhowtul vfM y hnd Inifuje* Lo it'dnct* Llio nuiiiher uf voliluleH rroin 
1751 to 1635. Vehicles on road were 306. In 1959-60, 774 in 
5. Data collected from the office of the BSRTC, Sultan 
Place Patna by researcher. 
5G 
1970-71, 1093 in 1980-81 and 1635 in 1985-86 and now 
condition is worst. Aftep privatisation condition may bo 
good. Fleet utilisation was 59.50% in 1959-60, 56.45% in 
1970-71, 62.42% in 1980-81 and 50.88% in 1985-86. Fleet 
utilisation was maximum in 1980-81 and minimum in 1985-86. 
Vehicles operated KM per day was 0.48% lakhs in 1959-60, 
1.58% lakhs in 1970-71, 2.29% lakhs in 1980-81 and 1.61% 
lakhs in 1985-86. Fleet utilisation was max mum in 1980-81 
and minimum in 1959-60. In 1985-86 it was 1.61% which was 
better than 1959-60 and poorer than 1980-81. Operated 
income per day was 0.36 lacks in 1959-60, 1.86 lacks in 
1970-71, 4.98 lacks in 1980-81 and 5.82 lacks in 1985-86. 
Income of corporation increased day by day. In 1959-60 it 
was 0.36 lakhs it increased to 5.82 Icks in 1985-86. In 
1980-81 income increased rapidly• passongors were 
transported was 0.66 lacks in 1959-60, 1.60 lacks in 
1970-71, 1.30 lacks in 1980-81 and 0.93 lacks in 1985-86. 
The maximum number of passengers who were transported was 
1.60 lacks in 1970-71 and minimum 0.66 lacks in 1959-60. In 
1959-60 income of the corporation was Rs. 0.56 which was 
Rs. 20 more than expenditure. In 1970-71 expenditure was 
Rs. 0.99 and income was Rs. 1.86. there was profit of Rs. 
87. In 1980-81 there was profit of Rs. 2.35 and in 1985-86 
profit was Rs. 1.89, maximum profit was in 1980-81 to the 
BSRTC per effective KM. Now condition is worst. As a whole 
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there is loss to the BSRTC for last so many years. That is 
why Bihar Government l.q thinking to privatise/' 
PERFORMANCE APPRAISAL OF THE UPSRTC: 
(a) Physical Performance: 
UPSRTC comes at fifth position among all transport 
undertakings as far as maximum number of vehicles are 
concerned. Average number of buses held to the UPSRTC were 
8097 on June 1991 it decreased to 7928 on June 1992. 
Average number of buses on road were 7215 on June 1991 June 
1991 and 7078 on June 1992. Tlie condition on buses was good 
in 1991 than 1992. Percent fleet utilisation of the UPSRTC 
was 89.1% on Juno 1991, and 89.3% on June 1992. Average 
number of buses per lakh KM was 4.74 on June 1991 and 5.13 
on June 1992. Percentage of overaged buses was 18.67 on 
June 1991 and on June 1992 it was nil. In 1992 overaged 
buses were not at all. It clears that in 1992 the UPSRTC 
took serious step to maintain overaged buses. Daily per 
bus on road was 238.3 on June 1991 and 242.1 on June 1992. 
Total effective kilometres in lacks were 1564.74 in 1991 
and 1559.15 on June 1992. Passenger per KMs (lacks) were 
63058 in June 1991 and 69700 on June 1992. In June 1991 
there wore 6642 lacks more passenger than June 1992 who 
6. Data collected from the office of the BSRTC, Sultan 
Place, Patna, by the Researcher. 
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were available per km to the UPSRTC. Passengers carried by 
the UPSRTC were 1174.24 lacks on June 1991 and 1200.71 on 
June 1992. 26.47 lacks more passengers were carried by the 
UPSRTC on Juno 1992 than Juno 1991. 
(b) Staff Position of the UPSRTC: 
There were 39732 employees for traffics on June 
1991 and 39117 on June 1992. For workshop maintenance there 
were 15114 employees on June 1991 and 14776 employees on 
June 1992. for administration and Accounts there were 3759 
employees on June 1991 and 3742 employees on June 1992. On 
June 1991 there were 17 more employees for lookafter the 
administration and accounts to the UPSRTC than June 1992. 
Total staff to the UPSRTC was 58605 on June 1991 and 57635 
on June 1992. 
(c) Fuel Performance: 
performance of one kilometre per litre (KMPL) was 
4.59 in June 1991 and 4.47 in June 1992. 
(d) Accidents of the UPSRTC: 
Total accidents of the UPSRTC were 369 on June 1991 
and 362 on June 1992. Accidonts/Lack Eff. Kms were 0.24 on 
June 1991 and 0.23 on June 1992. Number of Fatal Accidents 
50 
was 58 on June 1991 and 71 on June 1992. Accidents on June 
1991 were 13 lessor than June 1992. 
(e) Financial Perfonnance (Rs. in Lacs): 
Traffic Revenue of the UPSRTC was 8,702.39 on June 
1991 and 10,308.38 on June 1992. Passengers tax was 1462.00 
on June 1991 and 1731.81 on June 1992. Other revenue of the 
UPSRTC was 316.13 on June 1991 and 194.61 on June 1992. 
Total revenue was 10480.52 on June 1991 and 12234.80 on 
Juno 1992. Total revenue of Juno 1992 was 1754.28 more than 
Juno 1991. 
(f) Cost of the UPSRTC (Rs. in Lcs): 
Cost on personnel was 4170.46 on June 1991 and 
4540.03 on June 1992. Cost on fuel and lubricants was 
2028.10 on Juno 1991 and 2121.63 on June 1992. Cost on tyre 
arid tubes v/as 433.75 on June 1991 and 581.14 on June 1992. 
Cost on spare parts and others was 614.09 on June 1991 and 
717.40 on June 1992. Interest was 736.45 on June 1991 and 
727.35 on June 1992. Depreciation was 922.22 on June 1991 
and 848.83 on June 1992. Motor vohiclo tax was 128.67 on 
June 1991 and 132.29 on June 1992. Passenger tax was 
1462.00 on June 1991 and 1731.81 on June 1992. Total tax 
v/a.s 1598.57 on June 1991 and 1880.51 on June 1992. Surplus 
GO 
before tax was 1385.41 on June 1991 and 2475.72 on June 
1992. Surplus before t^x on June 1992 was 1090.31 more than 
June 1991.^ 
PERFORMANCE APPRAISAL OF MAHARASHTRA SRTC: 
(a) Physical performance: 
Out of 39 transport undertakings Maharashtra SRTC 
has maximum number of vehicles on June 1991 there were 
15670 vehiclcs.lt increased to 15717 on June 1992. Average 
number of buses on road was 13173 on June 1991 and 13617 on 
June 1992. 444 vehicles on road were more in June 1992 than 
in June 1991. Percent fleet utilisation was 84% on June 
1991 it increased to 86.6% on June 1992. Percentage of 
overaged buses was 4.52 (Lck Kms) on June 1991 it decreased 
to 4.34 on June 1992. Total effective kilometres in Lacks 
was 3340.05 on June 1991 it increased to 3531.56 on June 
1992. Passenger KMs were 143360 lacks on June 1991 it increased 
to 154624 on June 1992. Passengers carried on June 1991 were 
6306 on June 1991. 
(b) Staff Position: 
Staff in traffic was 68206 on June 1991 it 
decreased to 67974 on June 1992. Staff for maintenance of 
workshop were 26000 on June 1991 it increased to 26042 on 
7. Journal of Transport Management, a Publication of 
Association of Road Transport Undertakings, Punc, 
November 1992, pp. 33-41. 
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June 1992 . Staff in administration and accounts were 14104 
on June 1991 and 13996 on June 1992. Total staff were 
108310 on June 1991 and 108012 on June 1992. 
(c) Fuel Performance: 
1 km: /litre of HSD (KMPL) was 4.55 on June 1991 and 
4.54 on June 1992. 
(d) Accidents: 
Total accidents were 919 on June 1991. It increased 
by 97 accidents on June 1992. Accidents/lack Eff. kms were 
0.28 on June 1991 and 0.29 on June 1992. 
(e) Financial Performance (Rs. in lacks): 
Traffic revenue of Maharashtra SRTC was 27895.00 on 
June 1991 and 30312.00 on June 1992. the amount collected 
in the form of passenger tax was nil on 1991 and 1992. 
Total revenue was 28569.00 on June 1991 and 30943.00 on 
June 1992. 
(f) Cost of Maharashtra SRTC (Rs. in lacks): 
Cost on personnel was 9232.00 on June 1991 and 
10467.00 on June 1992. Cost on fuel & lubricants was 
4640.00 on June 1991, it increased to 4998.00 on June 1992. 
Interest was 1121.00 on Juno 1991 it increased to 1167.00 
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on June 1992. Cost on depreciation was 3957.00 on June 1991 
and 3485,00 on Juno 1992. Toha] taxes of Maharashtra SRTC 
were 4830.00 on June 1991 it increased by 5211.00 on June 
1992. Surplus before tax of the undertaking was 6477.00 on 
June 1991 and 6272.00 lacks on June 1992. Surplus before 
Q 
tax was 205 lacks more in June 1991. 
PERFORMANCE APPRAISAL OF AP SRTC: 
Andhra Pradesh SRTC comes in second position in 
maximum number of vehicles as well as vehicles on road. 
There were 14368 vehicles on June 1991, it increased to 
15096 vehicles on June 1992. Passenger carried in (lacks) 
were 8760.57 on June 1991 and 9200.10 on June 1992. Total 
staff of AP SRTC were 114806 on June 1991 and 119302 on 
June 1992. Performance 1, kms/litre of HSD (KMPL) was 4.97 
on June 1991 and 4.99 on June 1992. Total accidents were 
523 on June 1991, it increaBod to 761 on June 1992. Total 
revenue was 22778.10 lacks on June 1991 and 2654306 lacks 
on June 1992. Interest was 678.57 on June 1991 and 861.78 
on June 1992. Depreciation was 2904.48 and 3188.41 on June 
1991 and 1992. Total taxes which were paid was 1956.45 on 
June 1991 and 2034.99 on June 1992. Surplus before tax was 
2388.41 on June 1991 and 2857.39 on June 1992. Surplus 
before tax was 468.98 lacks more on June 1992. 
8. Ibid. pp. 32-40. 
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PERFORMANCE APPRAISAL OF KARNATAKA SRTC: 
Karnataka SRTC comes in third position as for as 
maximum number of vehicles are concerned. There were 8800 
vehicles on June 1991 and 9247 on June 1992. Average number 
of buses on road was 7718 on June 1991 and 8173 on June 
1992. Passengers carried (lacks) were 4982.91 on June 1991 
and 5045.67 on June 1992. Total staff were 55394 on June 
1991, it decreased to 54197 on June 1992. Fuel performance 
was 1 km /litre of HSD (KMPL) 4.50 on June 1991 and 4.49 on 
June 1992. Total accidents were 567 on June 1991 and 666 on 
June 1992. 
Total revenue was 13985.64 lacks on June 1991, it 
increased to 15193.91 lacks on June 1992. Interest was paid 
770.76 on June 1991 and 940,36 on June 1992. Depreciation 
was 1166.34 and 1248.54 on June 1991 and 1992. Total taxes 
were 2414.89 lacks on June 1991 and 2566.04 lacks on June 
1992. Surplus before tax of the Karnataka SRTC was 2390.10 
lacks on June 1991 and 2327.58 lacks on June 1992. 
PKRFORMANCI-: APPRAISAL OF GUJRAT SRTC: 
Gujrat SRTC comes at fourth position as far as 
maximum number of vehicles are concerned. There wore 8187 
vehicles on June 1991 and 8354 vehicles on June 1992. 
Average number of buses on road were 6977 on June 1991, it 
G4 
increased to 3832.00 lacks on June 1992. Total staff were 
54081 on June 1991 and 55554 on June 1992. Fuel performance 
was 1 km /litre of HSD (KMPL) was 5.00 on June 1991 and 
Juno 1992. ToLnl nccidonta wore 575 on Juno 1991, it 
increased to 641 on June 1992. 
Total revenue of Gujrat SRTC wasR''13348.87A'On June 
1991 andifil4 38 8.91 on June 1992 Interest was paid/?s727.95 on 
June 1991 and 1006.26A(iOn June 1992. Depreciation of the 
Gujrat SRTC was/Cf627.15feon June 1991 and/^i866.31 on June 
1992. Total taxes were ^ 5 2262.10 on June 1991 and it 
increased to 2444.11 on June 1992. Surplus before tax was 
301.'34 on June 1991 and 2061 on June 1992. 
PERFORMANCE APPRAISAL OF KERALA SRTC: 
Kerala SRTC comes at sixth position among all 
transport undertakings in this country. The number of 
vehicles were 3322 on June 1991, it increased to 3506 on 
June 1992. Vehicles on road wore 2665 on June 1991 and 2667 
on June 1992. Passengers carried (lacks) were 1999.00 on 
Juno 1991 and 2247.00 on Juno 1992. Total staff wore 30486 
on June 1991 and 30320 on June 1992. Fuel performance was 1 
kms/litre of HSD (KMPL) was 3.73 on June 1991 and 3.65 on 
June 1992. Total accidents were 1253 on June 1991 and 976 
on June 1992. In 1992 accidont was much lower than 1991. 
GT) 
Total revenue was 4689.00 on June 1991 and 5438.00 on June 
1992. Interest was 319.00 on June 1991 and 347.00 on June 
1992. Depreciation was 261.00 on June 1991 and 280.00 on 
June 1992. Total taxes were 212.00 lacks on June 1991 and 
268.00 lacks on June 1992 surplus before tax was 262.00 and 
352.00 on June 1991 and 1992 respectively. 
PERFORMANCE APPRAISAL OF RAJASTHAN SRTC: 
Rajasthan SRTC comes at seventh position as far as 
maximum number of vehicles are concerned. There were 3306 
vehicles on Juno 1991 and 3633 vehicles on June 1992. 
Vehicles on route were 2909 and 3313 on June 1991 and 1992. 
Passengers carried were 618.86 lacks and 792.80 lacks on 
June 1991 and 1992. Total staff were 23637 on June 1991 and 
24871 on Juno 1992. Fuel performance 1 km' /litre of liSD 
(KMPL) was 4.75 on June 1991 and 4.78 on June 1992. Total 
accidents were 187 and 238 on June 1991 and 1992. Total 
revenue was 5351.71 and 7191.14 on June 1991 and 1992. 
Interest was 232.17 and 321.33 on June 1991 and 1992. 
Depreciation was 265.33 and 369.39 on June 1991 and 1992. 
Total taxes were 842.21 on Juno 1991 and 1049.73 on June 
1992. Surplus before tax was 1394.73 on June 1991 and 
2160.97 on June 1992. 
66 
PERFORMANCE APPRAISAL OP S.T. PUNJAB: 
S.T. Punjab comes at eight/) position among all 
transport undertakings as for as maximum number of vehicles 
are concerned. Average number of vehicles were 2375 on June 
1991 and 2371 on June 1992. Avorage number of vehicles on 
road were 2227 and 2237 on June 1991 and 1992. Passengers 
carried were 662.49 lacks and 705.15 lacks on June 1991 and 
June 1992. Total staff were 11961 and 12107 on June 1991 
and 1992. Fuel performance was 1 km, /litre of USD (KMPL) 
was 3.98 on June 1991 and 3.99 on June 1992. Total 
accidents were 62 on June 1992, Total revenue was 3022.05 
lacks on June 1991 and 3430.23 lacks on June 1992. Interest 
was 80.50 lacks on June 1991 and 79.54 lacks on June 1992. 
Depreciation was 130.57 lacks on June 1991 and 191.10 lacks 
on June 1992. Total taxes were 1098.52 lacks on June 1991 
and 1202.17 lacks on June 1992. Surplus before tax was 
505.22 lacks on June 1991 and 728.65 lacks on June 1992. 
PERFORMANCE APPRAISAL OF CHERAN, TCL: 
There were 1362 average number of buses to Cheran 
TCL on June 1991, it increased to 1394 on June 1992. 
Average number of buses on road were 1269 on June 1991 and 
1319 on June 1992. 
Passengers who were carried by Cheran TCL was 
1440.95 on June 1991 and 1525.58 on June 1992. Total staff 
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were 9041 on June 1991 and 9544 on June 1992. Fuel 
porformanco 1 km /litre of USD (KMPL) was 3.93 on June 
1991 and 4.03 on June 1992, Total accidents were 126 on 
June 1991 and 127 on Juncqj-Total revenue was 2091.28 
lacks on June 1991 and 2633.44 lacks on June 1992. Total 
interest which was payable to cheran TCL was 76.63 lacks 
on June 1991 and 91.16 lacks on June 1992. Depreciation 
was 18L.38 lacks on June 1991*Total taxes were 234.41 
lacks on June 1991.. Surplus before tax was 156.37 
9 
lacks on Juno 1991 and 238.66 lacks on June 1992. 
PERFORMANCE APPRAISAL OF PEPSU RTC: 
PFPSU RTC comes in the tenth position among all 
transport undertakings as for as all transport 
undertakings arc concernod. Average number of buses were 
1031 on June 1991 and 107? on June 1992. Average number 
of vehicles on road was 940 on June 1991, it increased 
by 43 vehicles on June 1992. Total passengers carried 
298.86 lacks on June 1991 and 339.42 lacks on June 1992. 
Total staff were 5708 on June 1991 and 5765 on June 
1992. Fuel performance was 4.16 KMPL on June 1991 and 
4.18 KMPL on June 1992. Total accidents were 61 on June 
1991 and 67 on June 1992. Total Revenue was 1080.83 
lacks on June 1991 and 1231.56 lacks on June 1992. Total 
taxes payable were 64.41 lacks on June 1991 and 66.94 
lacks on June 1992. 
9. Ibid pp. 33-41. 
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Performance of Thanthai Peri TCL, Himachal RTC, 
DFLHI TC, BEST undertaklnq, Calcutta STC, Assam STC, 
Pandiyan RWCL, Thiruvalluvar TCL, North Bengal STC, Anna 
TCL, Jeeva TCL, Cholan R/WL, Kattabomman TCL, Dheeranchi 
TCL, Marudhu Pan TCL, Rani Mang TCL are similar to each 
other. Number of vehicles range between 750 to 650. 
Average numbers of vehicles on road, passengers carried. 
Total £">taff, Accidents rate are in their number of 
vehicles ratio. Statistical data of all transport 
undertakings have been given in the first chapter of 
this thesi s. 
Annai Sathya TCL, Nesamony TCL, South Bengal 
STC, Kadamba TCL, Andaman & Nicobar ST, Tripura RTc, 
Manipur SRTC, chinchwad MT, Pune MT have same 
performance and need better management. Solapur MTU, 
Kol hapur MTU and Thanr Municipal hnvo very low 
performance. There were 105 vehicles only to Solapur 
MTU, 102 vehicles to Kolhapur MTU, and 80 vehicles to 
Thane Municipal TU on June 1992. The details of all 
undertakings can be known from the data given in the 
chapter I. 
CONCLUSION: 
To conclude it may bo observed that, performance 
of Maharashtra SRTC, Andhra Pradesh SRTC, Karnataka 
69 
SRTC, Gujrat SRTC, UPSRTC, Kerala SRTC, Rajasthan SRTC, 
ST Punjab, Delhi TC, BEST undertaking etc. are 
satisfactory while BSRTC, Txine MT, Solapur MTU, Kolhapur 
MTU, Thane Municipal TU, etc. are having very low 
performance. Average number of buses in Maharasthra SRTC 
on June 1992 was 15717, Andhra Pradesh SRTC 15096 buses, 
knrnataka SRTC 9247 buson, Gujrat SRTC 8354 buses and 
UPSRTC 7928 buses. Average number of buses of the BSRTC 
on road are 500 approximately. Many vehicles of the 
BSRTC are lying in workshop for long time and they need 
repair. The number of buses of Pimpri Chinchwad MT were 
276 on June 1992, Pune MT 635, Solapur MTU 105, Kolhapur 
MTU 102, and Thane Municipal TU 80. The physical 
performance and financial performance vary from one 
undertaking to another. Accident rate are also in 
accordance with number of vehicles held by the 
corporation. There is need to update the condition of 
the BSRTC, Annai Sathya TCL, Nesamony TCL, Kadamba TCL, 
Andaman & Nicohnr ST, Tripura RTC, Pimpri Chinchwnd MT, 
Solapur MTU, Kolhapur MTU, Thane Municipal TU. In the 
next chapter a survey of evolution & development of the 
BSRTC will be made. 
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In the preceding chapter a conceptual framework of 
the performance of different road transport undertaking has 
been given. In the present chapter an attempt will be made 
to highlight the evolution, growth and development of the 
BSRTC. The working and organisation of this corporation 
will also bo discussed and niinlysed so as to evaluate the 
working and performance of this corporation. 
The road transport is the most primitive mode of 
transport. Its progress ran parallel to the progress of man 
in different fields, the prosperity of a nation 'Largely 
depends on the development of road and road transport. The 
function of roads can be compared to that of veins in the 
human body. As the veins are necessary for the circulation 
of blood to different parts of the body for its proper 
growth, so are roads for thr bnlancod economic growth of a 
nation. With the greater emphasis on the development of 
agricultural sector and dispersal of small scale industries 
in the rural areas, the need for developing roads and road 
transport has assumed a special significance in India. 
Without a network of road transport system, industrialisa-
tion of rural areas is not possible. Road and road 
transport are, therefore, the most basic infrastructure for 
the speedy growth of industrial and agricultural sectors of 
the Indian economy. The importance of road transport in a 
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country like India with an area of 3.3 million square 
kilometres and over 5,64,000 villages and towns spread over 
the Vast expanse of the country can not be over emphasized. 
Tho succcna of the green r^vcjlutlon deponda largely on the 
cost and speed at which the necessary agricultural inputs 
like seed, pestisides, fertilisers, farm equipment etc 
reach farms and farm products move out to the consuming 
centres. Industrial development also hinges on the ease 
with which the rawmaterials from farms and mines reach the 
industrial centres and the consumer products of industries 
peneterate the rural markets. Only road transport, which 
brings village, towns and remoter and more developed 
regions closer to one another, can render these vital 
economic services adequately and economically, and also 
exert the necessary unifying social and cultural influence 
over the diverse regions and Rectors of tho economy. 
Various measures have been adopted to develop road 
transport system for rapid economic growth in this country. 
One such measure has been the nationalisation of road 
transport and establishment of state road transport 
corporationn In different parts of the country. 
ROAD TRANSPORT IN INDIA BEFORE NATIONALISATION: 
The development of road transport in India till 
the first world war was very slow particularly about the 
1. Singh N.P., Financial Management in State Enterprise, 
Capital Publishing House, Delhi, 1989, pp. 1-2. 
year 1920 when the opportunity for its development was 
created by the military vohicles rendered idle. At that 
time, neither its regulation nor nationalisation was 
seriously considered. After the first world war, motor 
transport developed at a last speed. It posed a serious 
problem of competition with the railways during the 
depression period. Therefore, the government of India 
appointed various committees to suggest ways and means for 
coordination of road and railway transport. 
By 1930, the large diversion of passengers from 
railways to roads resulted in considerable loss of railway 
revenues. The question of railroad competition was examined 
in subsequent years and wi t h the coming into force of the 
motor vehicles Act in 1939, a beginning was made in the 
direction of creating fair condition of competition and 
ensuring the development of road transport along proper 
lines. Difficulties were experienced during the second 
world war due to unprecedented increase in traffic which 
the railways and motor transport taken together could not 
meet. A triprtite scheme was prepared, of which central and 
state governments, railways and the bus owners were the 
parties. According to the scheme, joint stock corporations 
1. Singh, N.P., Financial Management in State Enterprise, 
Capital Publishing Houso, Delhi, 1989, pp. 1-2. 
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were to be organised whose shareholders were to be Indian 
Railways, State Governments, and motor bus operators. The 
profits were to be distributed among the three parties in 
proportion to their capital. This was a good scheme for 
better coordination and for curbing the cut-throat 
competition. In the beginning the scheme was welcomed but 
after sometime it had to be abandoned due to 
noncooperation of the private bus owners. Thus, the 
question of proper organisation, coordination and 
regulation of motor transport could not be solved. 
Besides lack of coordination and control, the road 
transport in private ownership, particularly the passenger 
transport had some other serious problems. It was not in 
conformity with the required development and public 
welfare. Since the private operator operated their buses in 
order to earn profits, they would never ply their buses on 
unremunerative routes. As such, a large part of the rural 
areas remained unserved by the bus services. To speak the 
truth, the private operators could not provide adequate, 
efficient and cheap service to the general public. They 
cared little for these rural and backward areas where they 
did not expect profit. They operated their buses only on 
roads which wore motorable and profitable. 
1^ 
The voice of nationalisation of road transport 
echoed as an alternative when the country became 
independent. It was expected that, nationalisation would 
provide adoqunto, officirnt and cheap service to tho 
people. Bettor efficiency was expected under state 
ownership and management duo to better mochanicn] 
efficiency of vehicles. State Governments started the work 
of nationalisation without any systematic planning. 
Pioneers in nationalisation were the Indian states, namely 
Gwalior, Elyderabad in 1932, Travancore in 1938 and Kutch in 
1942 had nationalised passenger bus services in various 
degrees. 
The road transport corporation Act was passed in 
1948 to enable the state Governments to form corporations. 
This Act was declared ultravires and therefore, another Act 
was passed by the parliament in 1950. According to the 
provisions of this Act, Road Transport Corporations were to 
be formed in which the Central Government, the State 
Governments and the public could participate. The act war 
passed with a view to provide autonomy uniformity and 
efficiency of administration in running the state transport 
services,. It was with the passage of this Act that a number 
of state Road Transport Corporation were formed in 
2 different states . 
2. Ibid, pp. 3-4. 
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KVOr.UTION OF STATR ROAD TRANSPORT CORPORATION IN BIHAR: 
AfLer t\aLioi\aliBati(jii, tlio inanayeiiiont ol' Lhe 
nationalised road transport was entrusted to Government 
Departments,, However, this was not liked by Planning 
Commission, which advocated the establishment of public 
corporations for the purpose. As such, there was gradual 
conversion of nationalised departmental undertakings into 
Road Transport Corporations. There is a greater need of 
personal contacts with the operating staff and with the 
customers in road transport which the state departments can 
not do efficiently. 
Expansion of the rond transport in rural areas was 
one of the major responsibilities which also could not be 
discharged by the state departments. Besides the management 
by the government departments was ritj-ld in that, it was 
entrusted to the government servants only. The managing 
board of the corporations could function autonomously and 
free from political influence. It was always possible to 
improve the composition of the Board as the Act of the 
corporations entitled the minister to introduce revisions 
in its composition whenever necessary. There are other 
major handicaps of the departmental organisations. The 
recruitment of the staff does not take place necessarily on 
the criterion of commercial efficiency. The corporations 
can take independent decisions about appointment of 
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efficient personnel and determin the entire structure of 
salaries. 
In the light of the above shortcomings and 
insistence of the planning commission, it was thought 
advisnble to establish state* Road Transport Corporations 
instfndof road Transport Departments. 
On 26th January, 1953, the bus services of Patna 
and some of the route*^ originating from Patna were 
nationalised by the State Government, and a department 
namely the Rajya Tr^nnport Department under the 
administrative control of Political (Transport) Department, 
came into being, subsequent J y, tlie bus services of the 
South Bihar districts were also taken over by the Rajya 
Transport Department. The State Government, however, did 
not consider it advisable to run the services 
departmentally and hence the department undertaking was 
converted into a public corporation. On 1st May, 1959 in 
accordance with the Road Transport Corporation Act, 1950. 
The central Government through the railway Board 
participated in it. The establishment of the corporation 
was made on the advise of the planning commission. The 
union Government and the state Government agreed to provide 
to the corporation the required capital in the proportion 
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of 3:1. The capital investment of the state Government by 
way of transfer of assets and liabilities to the 
corporation had been assessed to Rs. 2,22,59,400 as on the 
date of formation of the corporation, i.e. on 1st May, 
1959, by Joint evaluation committee consisting of 
representatives of the nLnto government the Union 
Government^ and the General Manage/of the Corporation. The 
opening balance of the Capital Assets transferred to the 
corporation as on 1st May 1959 was Rs. 1,89,97,370. The 
corporation made a very modest beginning. The number of 
buses, their schedules, route mileage and the number of 
employees on the staff were all limited. The value of 
capital assets and the activities of the corporation at the 
time of its inception have been shown in the tables 1 and 2 
3 
in the following page. 
3. Ibid, pp. 6-7. 
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TABLE - 7 
Value of Capital Assets of the BSRTC at the time of its 
inception on 26th January, 1953. 
S.No. Item Rs. 
1. Land 2,90,533 
2. Building 21,35,945 
3. Vehicles: (a) Diesel Vehicle 1,28,90,664 
(b) Petrol Vehicle 22,74,809 
(c) Other Vehicles 2,07,126 
4. (a) Machine tools and plants 8,26,062 
(b) Furniture 2,37,933 
(c) Other equipments 1,34,280 
Total 1,89,97,370 " 
Source: Administration Report of the BSRTC for the year 
1959-60, p. 28. 
7.9 
TABLE - 8 
Activities of the BSRTC at the time of its inception on 
26th January 1953 
Division No. of Route No. of No. of Divisional 
routes Mileage buses Schedules staff 
strength 
Patna 26 954.2 126 
Gaya 34 2474.0 148 
Bhagalpur 27 1016.1 66 
Jamshedpur 22 413.5 100 
Under repair 50 
Total 108 7857.8 490 270 2662 
Source: Administrative Report of the BSRTC, 1959-60, pp 14-15 
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54 
829 
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Table 1 shows that, the share of vehicles was 
highest in the total capital assets of the corporation. The 
value of assets in land, building and equipment was much 
less than the capital values of the vehicles. It is clear 
from table 2 that, the corporations activities were 
confined only to four divisions in Bihar. The number of 
buses was only 490. These buses plied on 108 routes. The 
number of employees was 2,662. The number of routes, route 
mileage, and number of schedules were higher in Gaya 
division than the other three divisions, namely Patna, 
Bhagalpur, and Jamshedpur. Gaya division was started on 1st 
April, 1954 whereas the Patna division was started on 
1st April, 1955. Jamshedpur and Bhagalpur divisions were 
started on 26th January 1953 and 1956 respectively. Out of 
490 vehicles, 50 were under major or minor repair on the 
day of formation of the corporation. The corporation 
started with a central workshop at Phulwarisharif in Patna 
division and a central store was situated within the 
premises of the central workshop. All the four divisions 
had their own stores. The opening balance of the stores as 
on 1st May, 1959 was to the tune of Rs. 33,73,427.42 just 
nft-or t-ho format inn of the rnrpomtion on f^il-h Jnn. 1953, 
the system of purchase was centralised in the central 
stores which resulted in great economy and there was 
8] 
substantial reduction in the expenditure of stores. Thus 
the BSRTC 55tarted offering maximum facilities to the 
general public, the trade and Industry and development of 
transport facilities in the backward regions of Bihar. 
4. Singh, N.P. Financial Management in State Enterprises, 
Capital Publishing House, Delhi, 1989, pp. 8-9. 
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TAni.H - 9 
Vehicular Position ul liSKTC as on 1.4.91 
s. 
1 
1 
2 
3 
.No. Depots/ 
Divisions 
2 
Bankipur 
Rajdhani 
Biharsharif 
Sanct-
ioned 
schedule 
3 
35 
39 
10 
Autho-
rised 
fleet 
strength 
4 
44 
48 
15 
Vehicl 
held 
5 
37 
43 
11 
es Vehicles 
road 
worthy 
6 
34 
36 
7 
Vehicles 
off 
Road 
7 
3 
7 
4 
PATNA DIVISION 84 107 91 77 14 
4. Phulwari I 
5 Phulwari II 
6 Paliganj 
7 Arrah 
8 Sasaram 
PHULWARI DIVISION 
145 
36 
9 
9 
6 
205 
92 
40 
12 
13 
8 
165 
52 
34 
4 
12 
7 
109 
42 
30 
3 
11 
6 
92 
10 
4 
1 
1 
1 
17 
9 Gaya 35 39 39 32 
10 Nawadah 9 13 7 7 
11 Jahanabad 8 11 11 9 
12 Aurangabad 11 12 9 9 
GAYA DIVISION 63 75 66 57 
Contd. . . 
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1 2 
13 Ranchi 
14 Hazaribagh 
15 Gumla 
16 Daltanganj 
RANCHI DIVISION 
17. Agrico 
18 Baridih 
19 Chaibasa 
JAMSHEDPUR DIVISION 
20 Dhanbad 
21 Giridih 
22 Bokaro 
DHANBAD DIVISION 
23 Dumka 
24 Deogher 
25 Godda 
DUMKA DIVISION 
26 Bhagalpur 
27 Munger 
28 Jamui 
BHAGALPUR DIVISION 
3 
58 
39 
29 
12 
138 
27 
19 
11 
57 
30 
24 
36 
90 
32 
29 
19 
80 
25 
16 
12 
53 
4 
73 
45 
37 
14 
169 
46 
30 
20 
96 
35 
28 
4 3 
106 
37 
34 
22 
93 
38 
20 
17 
75 
5 
46 
26 
17 
6 
95 
35 
24 
16 
75 
16 
16 
18 
50 
25 
19 
13 
57 
27 
19 
7 
53 
6 
38 
18 
13 
5 
74 
33 
21 
13 
67 
12 
12 
16 
40 
17 
13 
11 
41 
23 
17 
5 
45 
7 
8 
8 
4 
1 
21 
2 
3 
3 
8 
4 
4 
2 
10 
8 
6 
2 
16 
4 
2 
2 
8 
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1 2 
29 Purnia 
30 Saharsa 
31 Kishanganj 
PURNIA DIVISION 
32 Darbhanga 
33 Madhubani 
DARBHANGA DIVISION 
34 Muzaffarpur 
35 Motihari 
36 Sitamarhi 
37 Hajipur 
MUZAFFARPUR DIVISION 
38 Chapra 
39 Siwan 
40 Gopalganj 
CHAPRA DIVISION 
3 
14 
15 
8 
37 
18 
16 
34 
68 
29 
30 
11 
138 
31 
13 
8 
52 
4 
27 
18 
17 
62 
32 
33 
G5 
82 
34 
35 
13 
16 4 
36 
16 
11 
63 
5 
12 
11 
5 
28 
22 
13 
35 
61 
25 
28 
17 
131 
15 
12 
9 
36 
6 
11 
8 
5 
24 
20 
11 
31 
48 
19 
24 
15 
106 
14 
7 
5 
26 
7 
1 
3 
-
4 
2 
2 
4 
13 
6 
4 
2 
25 
1 
5 
4 
10 
BSRT Corporation 1631 1240 826 680 146 
SOURCE: Data coileck'l from the office of the BSRTC, sultan Palace, 
Patna, by the researcher. 
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From the data given in preceding pages it is clear 
tlint Muzaffnrpur Division has the highest number of 
vehicles and then number of Phulwari Div. comes. There 
are 131 vehicles to Muzaffarpur division and 109 
vehicles to Phulwari Division. Purnia division has only 
28 vehicles which is lowest among all divisionr. Patna, 
Phulwari, Gaya, Ranchi, Jamshedpur, Dhanbad, Dumka, 
Bhagalpur, Purnia, Darbhanga, Muzaffarpur, Ghapra 
divisions have authorised fleet strength(5|107, 165, 75, 
169, 96, 106, 93, 75, 62, 65, 164, 63 respectiv^ely. 
There are 25 vehicles off road in Muzaffarpur division 
which is highest among all divisions. In Darbhanga 
division there were 4 vehicles off road till 1st april 
1991. Number of vehicles are very low to Darbhanga and 
Purnia divisions. There is need to increase the number 
of vehicles and maintenance of off road vehicles to 
these two divisions. As a whole among all divisions of 
the BSRTC there are only 826 vehicles on road which is a 
matter of shame when comparison is made with other 
advanced road transport corporations. This is one of the 
great drawbacks of Bihar state that, inspite of all 
natural resources and agricultural and industrial 
availability, its proper development rate is fully 
stagnant. Unless and until transportation is given 
priority no development may take place. There are a 
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number of short comings attached to the BSRTC because of 
that, it is backward as compared to Gujrat SRTC, 
Maharashtra SRTC and oven UPSRTC. 
The country is passing through a difficult phase 
with the financial position of the central and state 
Governments in need of firm correctives. Major problems 
of fiscal and economic management stare us in the face. 
The burgeoning public debt, the continuing balance of 
payments crisis, and inflationary pressures are causes 
for concern. In this back ground, correcting fiscal 
imbalance is perhaps the most important task of economic 
management in India, unfortunately, one distressing 
feature of the state finances is the emergence of a 
substantial and growing volume of revenue deficits in 
recent years. 
The performance of SRTUS and a positive return from 
them is a matter of special interest to the finance 
commission. The importance of this matter becomes even 
more pronounced in the light of the investment of 
approximately Rs. 4,000 crore by the Union and the State 
Governments put together in the SRTUS. But inspite of 
this heavy investment in the year 1991-92 only the 
Rajasthan State Road Transport corporation and Anna and 
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Pandiyan cotnpanies of Tamil Nadu have reported profit. The 
Ninth Finance CommisBion while examining returns from 
investments in the RTUS, had observed that though there 
wore certain constraints within which these undertakingR 
had to operate, they had to come out of the present plight 
through an improvement in the management systems. The-' 
investment in SRTUs have a very short gestation period. 
There is also greater scope in manoeuvring transport 
operations to meet temporary or even day to-day situations. 
The Ninth Finance Commission, considering all these factors 
and the fact that the capital contribution to the SRTUs 
comes mainly out of borrowed funds, which were becoming 
costlier year after year, recommended that for non-hill 
states a return ranging from 1 percent in 1990-91 rising to 
6.5 percent in 1994-95 should be ensured. In respect of the 
hill states and the hilly areas of other states, the Ninth 
finance commission recommended that there transport 
undertakings should at leant provide for depreciation in 
full after meeting their working expenses. But as we 
know, the SRTUs have fallen for short of these 
expectations. The estimated net losses in 1990-91 were Rs. 
354.99 crorerand in 1991-92. Rs. 401 crorej: 
The performance levels of the SRTUs show wide 
variations. For instance, fuel efficiency measured in terms 
of Kilometres per litre of diosel consumption (KMPL) in one 
S3 
SRTU is above and in another close to 5. But there are 
quito a few SRTUs where KMPL has remained below 4. The 
implications of this low KMPL are indeed enromous. Taking 
the examples of a particular RRTU for the quarter July to 
September, 1992 it has been noted that, it operated 773 
lacks kilometres at an average KMPL of 3.65. If its fuel 
performance had been even 4.5 KMPL, it would have saved 
approximately 40 lacks litres of HSD worth Rs. 2.5 crore^: 
In a year it would have meant a saving of about Rs. 10 
crorei^  and would have radically changed its financial 
performance. 
In terms of fleet utilisation again there is a 
wide variation ranging from 93 percent to as low as 39 
percent. In regard to vehicle utilisation, that is the 
distance covered, the variations are as wide as 369 kms 
per bus per day to 75 kms per bus per day. In more or less 
similar operating conditions. The staff per bus ratio on 
road also varies significantly from 5.4 to 18.4. It is 
thus evident that there is considerable scope for 
improvement in the physical performance of SRTUs, which 
would immediately result in improving their financial 
performance. 
There is also the question of subsidies in fares 
arising out of social obligations cast on the SRTUs. The 
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burden for instance, on account of concessional fares 
offered by SRTUs of Maharashtra, Gujrat and Andhra Pradesh 
work out to Rs. 136 crorerfor the year 1991-92. While some 
subsidies may be necessary, there is a clear case for 
having a fresh look at them. Similarly, the question of 
unremuneratLve fares, evasion of passenger fares and 
taxes, better maintenance of vehicles etc. also need our 
consideration. It will be grateful to have our views on 
these issues. 
Another factor which has been casting, further financial 
burden on SRTUs is the increasing number of accidents and 
consequential rise in MACT Payments by them. Since a 
majority of accidents are caused by bad driving, it is 
essential to impart proper training to the drivers and 
then to insist on safe driving. At the same time, there 
is need is need for strengthening the system of issuing 
driving licences in such a v/ay that one person can not 
take driving licences from more than one authority, 
through concealment or misstatement of facts. As a step in 
this direction, computerisation of driving licences 
incorporating the accident record of the drivers, should 
be introduced and linked up with all the states on a 
national network. T.here are some suggestions in this 
connection. They are (1) The need for fixing a reasonable 
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return on investments in SRTUs; (ii) structural 
re-adjustment in future inveotment pattorna in public rood 
transport facilities, (iii) Maintenance of highways and 
other roads and their impact on bus transport (iv) sales 
tax and other barriers and their impact on smooth flow of 
traffic and POL consumption (v) scope for privatisation of 
STUs without giving up the socio-economic obligations. 
The BSRTC has loss every year. If suggestions which have 
been depicted in previous pages are applied, it would be 
beneficial for a backward state in infrastructure like 
Bihar . 
GROWTH, EXP;^ J«SION AND IMPROVEMENT OF THE BSRTC: 
The corporation operated services on 593 covering 
routes kilometre of 88203 at the end of the year as 
against 575 routes covering route kilometre 85349 at the 
beginning of the year, the net increase in the number of 
routes was 18 i.e. by 3.13% as compared to 2.21 decrease 
in the previous year and the route kilometre has increased 
by 2854 kms i.e. by 3.34%. 
5. Indian RxprcRH, Road Transport Problems, Speech by 
Mr. K.C. Pant, chairman of the Tenth Finance 
Commission, New Delhi, p. 8. 
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In course of the year, the corporation has to take 
over 54 routes distributed in various divisions as 
indicated in the table given belowi 
TABLE - 10 
Division No. of Routes 
Patna 
Gaya 
Ranchi 
Bhagalpur 
Jamshedpur 
Muzaffarpur 
Purnia 
Dhanbad 
Daltanganj 
Dumka 
Darbhanga 
ChapVflt 
Aurangabad 
8 
1 
5 
1 
7 
8 
9 
4 
1 
3 
Total 54 
Source: Data collected from the office of the BSRTC by the 
researcher. 
3 ^ 
The number of scheduloR operated at tho end of the 
year was 1382 as against 1369 at the beginning of the 
year, an increase of 1.3 i.e. by 0.95%. 
CONTRIBUTION OF CAPITAL TO THE BSRTC: 
The total capital contributed by the central 
government (Railways) and the State Government, till 
31.3.1982 was Rs. 32, 2781,350 during the year Rs.1.46 
lacks was received from the state govt. 
The contribution from the railways was Rs. 
1,18,85,000. The total capital contribution by the central 
overnment and the state government till 31.3.1983 rose to 
Rs. 34,92,06,350. 
In 1951 there were 1517 motorcycles, 198 taxies, 
3752 trucks, 1266 buses, 6884 cars & geeps and 68 other 
vehicles in Bihar state. In 1961 number of two wheelers 
and four wheelers increased to 3550motorcycles, 7689 
private cars, 3226 geeps, 842 petrol buses, 1140 diseal 
buses, 4433 petrol trucks, 3627 Diseal trucks, 42 auto 
rikshaw. 
In 1971 there were 22436 two wheelers, 3009 
taxies, 7319 geeps, 155 three wheelers, 16237 trucks, 3910 
buses, 18249 cars and station wagons, 2670 tractors, 2077 
93 
trailers, 8!3 others. In 1981 there were 139701 two 
wheelers, 8169 taxies, 17481 geeps, 7540 three wheelers, 
51122 trucks, 13196 buses, 44840 cars and station wagons, 
25943 tractors, 12064 trailers, 3528 other vehicles. In 
1990 there were 624707 two wheelers, 19958 Taxies, 53592 
cars and station wagons, 39554 geeps, 17047 three 
wheelers, 44619 Tractors, 65444 trucks, 6035 three 
wheelers goods career, 14148 buses, 26141 trailers and 
4945 other vehicles in Bihar state Road Transport 
including corporation vehicles as report of transport 
commissioner office from registration record of vehicles . 
From the data above we see that, number of 
vehicles have increased year after year since 1951 to 
1990. We find after research that, Bihar Road Transport in 
general increased number of vehicles and their 
efficiencies but BSRTC in particular showed decreasing 
trend line in number of vehicles, their operation, 
maintenance, profitability, satisfaction of employees as 
well as passengers. It is in my opinion that. Govt, should 
take serious step to look after the working of the BSRTC. 
As serious problems are attached to this corporation. Year 
wise number of TATA and LEYLAND vehicles are given below 
which were available to the BSRTC since 1969 to 1991. 
6. Data collected by the researcher from the office of the 
BSRTC, Sultan Place, Patna. 
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TABLE - 11 
Age wise position of fleet as on 1.4.91 
Years Tata Leyl^nd Total 
1 
4 
2 
8 
3 
3 
9 
26 
52 
87 
82 
101 
100 
87 
178 
19 
225 
226 
189 
69 
61 
Total 804 728 1532 
Source: Data collected by the researcher }pyorvthe office of 
the BSRTC. 
1969-70 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
— 
4 
-
5 
1 
-
3 
1 
29 
30 
26 
61 
38 
41 
107 
10 
124 
160 
66 
87 
31 
1 
-
2 
3 
2 
3 
6 
25 
23 
57 
56 
40 
62 
46 
71 
9 
101 
66 
123 
2 
30 
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From tlio Lnl)lo wo acso that in 19G9-70 Lhoro wcsro 1, 
Leyland vehicle on fleet in 1972, it became 4. Again in 
1973 there were only 2 vehicles but in 1973-74 it 
increased to 8 vehicles. Since 1978-79 number of Tata and 
Leyland vehicles started to increase rapidly. In 1988-89 
there were 226 vehicles to the BSRTC on fleet. In 1985 
there were 178 vehicles on fleety it came down to 19 
vehicles in 1986. The working of the BSRTC in 1986 was not 
good that is why number of vehicles on fleet came down 
from 178 to 19 only. 
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TABLE - 12 
Number of vehicles added to the BSRTC 
Year No. of Vehicles Plan period 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967-68 
1968-69 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 
1975-76 
1976-77 
1977-78 
1978-79 
1979-80 
1980-81 
1981-82 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
281 
855 
1040 
536 
276 
138^ 
141 
101 
88 
179 
19 
225 
226 
647 
189 7 
659 
II 
III 
IV 
VI 
VII 
Source: Data collected from the office of the BSRTC, 
Sultan Palace, by the Researcher. 
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From the above table it is clear that, there were 
281 vehicles in Ilnd five year plan but it increased to 
855 in third plan. The maximum number of increasement of 
vehicles were 1040 in fourth plan period. During fifth 
plan number of vehicles decreased. It is now clear that 
working of. fifth plan was not good of the BSRTC. 
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In the graph income nnd expenditure of tho DSRTC 
Binco 1959-60 to 1984-85 has boon given. In 1959-GO income 
and expenditure both are same. Since 1959-60 to 1963-64 
Incoino nnd oxpondituro is nnmr but after 19G4 income wna 
lesser than expenditure-We observe that, during 1964-65 to 
1970-71 expenditure was more than income of the BSRTC. It 
may be said that, working and management of the BSRTC 
during this period was not good. In 1971-72 income was 
slightly more than expenditure. The BSRTC was in good 
position in 1971-72. It might be that, an honest or 
efficient organiser might have appointed for management of 
the BSRTC. Since 1972-73 to 1984-85 income was much less 
than expenditure. T.he maximum expenditure was in the year 
1984-85 than in 1982-83. We concluded from the graph that, 
since 1959-60 to 1984-85 the BSRTC could not enjoy profit. 
At present condition is same. It is my personal 
observation that, unless and until administrator, 
organiser, management group of the BSRTC, tiake sjLep rit . 
may not prosper. Habit of evasing ticket charge in the 
BSRTC vehicles is general because of habit, fashion, 
illteracy, bad environment in the state of Bihar. 
Government should take immediate action for management of 
the BSRTC. Strict watch is. needed friuntop to bottom in the 
atmosphere of employees of the BSRTC. 
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INDUSTRIAL RELATION OF THE BSRTC: 
Tlie labour Management relation remained some what 
disturbed during the year 1982-83. Mechanical workers went 
on strike for fulfilment of demands such as removaL of 
anomolies of pay scale, promotion of different categories, 
regularisation of casual workmen, payment of D.A. and 
arrear dues etc. Later on crews of Muzaffarpur Branch also 
joined the strike. The strike remained from 6.10.82 to 
7.10.82 and from 15.10.82 to 12.11.82- ^ trike was called 
off on assurance of the chnirmnn of the 0SRTC to consider 
the demands sympathetically. The habit of strike is now 
also few days back when I went to the office of the BSRTC, 
there was strike. The main cause of strike was that, 
employees could not receive salaries for last 4 months, 
so, they were unable to manage their families, they started 
strike for demand of salaries. ^3 loss is every year to 
the BSRTC for' last so many years. Internal machinery has 
become handicapped because of lack of finance. 
TRADE UNION OF THE BSRTC: 
Eight trade unions, three recognised and five 
un-recognised continued to function in the corporation 
during 1982-83. It started functioning for long time till 
no 
TABLE - 14 
(RB. in Inckn) 
Various Plans Outlay Expenditure 
1st Five Year Plan 
(1951-56) 
Ilnd Five Year Plan 
(1956-61) 121 30 
Ilird Five Year Plan 
(1961-66) 200 342 
Adhoc Plan 
1966-67 48 44 
1967-68 42 35 
1968-69 53 53 
IVth Five Year Plan 
1969-74 353 378 
Vth Five Year Plan 
1974-78 1197 797 
Adhoc plans 
1978-79 401 428 
1979-80 355 424 
Vlth Five Year Plan 
1980-85 2000 1184 
Vlth Five year Plan 
1985-90 2500 3298 
Vlllth Five Year Plan 
1990-95 10,000 10,000 
Source: Data collected from the Statistics Section of the BSRTC 
by the researcher. 
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From the table above we observe that, during 
1980-85 the BSRTC had target of 2044 lacks to, spend but 
availability was only 1183- 96 lacks for purchase of new 
vehicles, department vehicles, purchase of land, building 
construction, purchase of machines, tools and plants. 
In 1980-81 the target to purchase new vehicle was 
388 lacks which could be available 276.80 lacks for 103 
vehicles. During 1981-82 the target to purchase new 
vehicle was 331 lacks but only 279.54 lacks could be 
available for purchase of 134 new vehicles. In 1982-83 
there ws target of 279 lacks but only 184.07 lacks could 
be available to purchase 100 new vehicles for the BSRTC. 
During 1983-84 there was target of 285 lacks but 102.44 
lacks could be available for purchase of 87 new vehicles. 
During 1984-85 there was target of 375 lacks but 179.66 
lacks could be available for purchase of 178 new vehicles. 
Total available amount during 1980-85 for purchase of new 
vehicles was 1022-51 lacks. 
For purchase of departmental vehicles there was 
target of 8 lacks but only 7.60 lacks could be available 
during 1980-81. During 1981-82 there was available amount 
of 3.20 and during 1984-85 the target was 5 lacks but only 
0.97 lacks could be available for purchase of departmental 
vehicles. Total target for purchase of departmental 
vehicles was 13, lacks but only 11.77 lacks could be 
available. 
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For purchase of land there was target of 20 lacks 
bvit only 10 lacks could bo available during 1980-81. In 
1981-82 there was target of 24 lacks but no available 
amount was there. In 1982-83 there was target of 30 lacks 
but only 4.33 lacks could be available. During 1983-84 
there was target of 20 lacks but 0.51 lack could be 
available. In 1984-85 there was target of 12 lacks but no 
amount was available. Total target for purchase of land 
was 106 lacks but only 4.94 lacks could be available. 
In 1980-81 there was target of 40 lacks for 
building construction but only 32.50 lacks were available 
for that purpose. In 1981-82 there was target of 40 lacks 
but 20 lacks were available. During 1982-83. There was 
target of 55 lacks but only 26.44 lacks could be 
available, during 1983-84 there was target of 4 lacks but 
15.04 lacks were available. During 1984-85 there was 
target of 30 lacks but 11.04 lacks could be available. 
In 1980-81 there was target of 10 lacks for 
purchase of machines, tools and plants but only 5 lacks 
were available. In 1981-82 there was target of 15 lacks 
but 21.20 lacks could be available. In 1982-83 there was 
target of 36 lacks but only 12.71 lacks could be 
available. During 1983-84 there was target of 25 lacks but 
only 0.61 lack could be available. In 1984-85 there was 
target of 26 lacks but only 0.20 lack was available for 
iin 
purchase of machine and tools. The total target for 
purchase of machine, tools and plants was 112.00 lacks but 
only 39.72 lacks could be available by the BSRTC. From the 
data it can be observed that, the BSRTC alwayssuffered 
from lack of finance as,target in every year for purchase 
of different items was more but available amount wan 
minimum. The BSRTC always got assistance from State 
Government, Central Government, and heavy loan from state 
and central government. Sufficient amount was available to 
the BSPTC from market borrowing, IDBI loan but because 
of lack of proper financial management and administration 
of the corporation, this corporation deteriorated year 
after year. 
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now. Complaints, grievances and demand of workers were 
brought by thf> trndo union. Most of thoir oomplnintB and 
grievances were settled with the recognised unions and 
individuals by mutual negotiations. But nowadays even 
trade union is inefficient to solve the problems of 
workers because of losses year after year and lack of 
proper management of fund and other machiner icfl. of the 
corporation . 
WELFARE AMENITIES OF THE BSRTC: 
There are schools' facility of concessions through 
BSRTC travelling in long and short distance, facilities of 
leave, and recreation facilities are also to the BSRTC 
employees but it is in minimum scale. 
WORK IN PROGRESS OF THE BSRTC: 
Repair and reconstruction of different offices, 
head offices, regional office and various divisions are 
going on. There are few names of offices, divisions etc. 
which are in repair or reconstruction are depicted below. 
Chapra, Bankipur (Patna), Patna Junction, Biharsharif, 
Muzaffarpur, Hajipur, Gaya, Aurangabad, head office, 
g 
Ranchi, Darbhanga, Saharsa, Dumka, Dhanbad etc. 
7. Porsonoi observation of tlio researcher. 
8. Administrative Report of the BSRTC, Sultan Palace. . 
Patna, 1982-83, pp. 31-32. 
10 o 
CONCLUSION: 
To conclude it can be observed that, the 
development and growth of the BSRTC is in a very slow 
speed as compared to other state transport corporations. 
The BSRTC actually came into existence on 26th January 
1953. It is noticed that the road transport in the state 
of Bihar has been given priority in planning periods. It 
prospered during 1st, Ilnd plans and then development 
became stagnant during the remaining plans. The number of 
vehicles in the BSRTC are lower than that of the UPSRTC as 
data of both corporations show. Presently Bihar govt in 
the coming financial year has thought to increase the 
number of vehicles but it has not been possible tillnow. 
There is an urgent need of fixing a reasonable return, 
structural readjustment in future investment, maintenance 
of highways and other -roads and their impact on bus 
transport. There is need of efficient road, strict 
petrolling of vehicles on route, and serious vigilence of 
government to keep up the status of the BSRTC as is done 
in Karnataka, Gujrat and even U.P. Government should give 
full power to take action to the top level management 
where carelessness, dishonesty is found. 
There is a serious talk about dismantling the BSRTC 
On account of the losses suffered by the 
103 
Corporation. In the next chapter, we will examine the 
financial strenyLh and weakneaaoB of this undertaking ao 
as to compare it with the U.P. State Road Transport 
Corporation. Performance appraisal of the BSRTC will also 
be made so as to compare this undertaking with the UPSRTC. 
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In the third Chapter we have provided the 
evolution and development of the BSRTC. The present 
chapter attempts to point out and evaluate the performance 
of the BSRTC. 
The most important aspects of the working of any 
enterprise is the financial aspect. The financial aspect 
of the state enterprises can be viewed from the point of 
view of total investment, sources of funds, the form of 
long term finance and the financial position, gains and 
losses etc,. 
In the total 45 state enterprises of Bihar, there 
has been progressive increase in the amount of total 
investment. The long term investment of the BSRTC as on 
31.3.1981 was 40.69 crores which decreased year after 
year. Year wise receipts of capital and loan from 
different department with effect from 1st May 1959 to 
31.3.1987 is given in the table 13. 
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From the table it is clear that the BSRTC received 
cnpital nnd lonn from diffrront sourcaH. Stnto Government, 
Central Government, Contributed to the BSRTC time to time. 
The BSRTC collected loan from central and state 
government to update the condition of corporation. The 
BSRTC collected loan from market borrowings also. These 
facilities were available since 1959. 
WORKING OF THE BSRTC FOR MAINTENANCE OF VEHICLES AND 
WORKSHOPS: 
In 1991 there WOR plan to purchase 300 now 
vehicles which increased to 350 vehicles in 1992 and 400 
in 1992-93. Till 1990-2000 there is estimation to add 6000 
vehicles. Time to time new vehicles were purchased by the 
BSRTC but they were lesser than the target. For 
construction of workshop buildings there is plan to invest 
12 crore rupees till 1999-2000. 70,00,000 rupees were 
planned to invest in 1990-91, 75,00,000 in 1991-92, 
80,00,000 in 1992-93 and there is plan to invest 85,00,000 
rupees in 1993-94. 222 vehicles were condemned in 1990-91 
which decreased to 100 in 1991-92 and 88 in 1992-93. There 
was again increase in 1993-94 which is 179. The total 
number of vehicles which are about to condemn since 
1990-2000 are 326 vehicles. Fleet utilisation in 1990-91 
was 61%, in 1991-92 was 69%, and in 1992-93, 71%. In 
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1993-94 it is estimated to utilise by 73%. Vehiclon 
utilisation in km was 142 in 1990-91, 156 in 1991-92, 165 
in 1992-93 and in 1993-94 there is estimation of 171. 
Traffic earnings were 29.45 crores in 1990-91, 36.75 
crores in 1991-92, 45.82 crores in 1992-93. There is 
estimation of traffic earning of 55.10 crores in 1993-94. 
1504 vehicles were available to the BSRTC in 1990-91 which 
increased to 1668 vehicles in 1991-92, and 1949 vehicles 
in 1992-93. Though vehicles on record were 1949 but lesser 
number of vehicles were on road for service of passengers 
as comparison to data available in the office. Number of 
average vehicles on road were 1008 on 1990-91, 1151 on 
1991-92, 1384 on 1992-93, and 1635 on 1993-94. Load factor 
percent of the BSRTC was 66.43% in 1990-91 67.31% in 
1991-92,, 68.18% in 1992-93, and 69.45% in 1993-94''". 
Th*? BSRTC during 1990-2000 has various plans for 
purchase of new vehicles, purchase of departmental 
vehicles, capital spares, construction of workshop 
buildings. This is my personal observation about the 
working of the BSRTC that, top level management plans for 
maintenance of the BSRTC and its improvement but this 
planning remains in the record and actual workings of the 
BSRTC for its improvement novor comes to its destination. 
1. Data collected from the office of the BSRTC, sultan 
Pal5i, ce, Patna, by the researcher. 
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At present Bihar Government has given permission to 
collect bridge tax to the BSRTC for keeping the 
condition in better position. For that some employees 
of the BSRTC have been appointed to collect tax of 
Gandhi setu bridge at Ganga river between Patna and 
Hajipur. I hope in future there may be purchasing of 
new vehicles for the BSRTC. One of the employees gave 
information about the BSRTC that^ only 500 vehicles are 
on road in the corporation and many vehicles are lying 
at different workshops which need minor repair. 
Many times planning was to privatise this 
corporation but till now with the assistance of the 
state government and central government it is being 
managed by the Corporation itself. 
OUTLAY AND EXPENDITURE OF THE BSRTC: 
In second five year plan during 1956-61 the outlay 
of the BSRTC was 121 lacks and expenditure was only 30 
lacks but in third five year plan in 1961-66 outlay was 
200 lacks and expenditure was 342 lacks. It clearly 
shows that 142 lacks were more expenditure than 
earning in third plan. During Adhoc plan of 1966-67 
outlay was 48 lacks and expenditure was 44 lacks. 
During 1966-67 corporation earned by 4 lacks. In 
1967-68 there was outlay of 42 lacks and expenditure of 
35 lacks. In 1968-69 outlay and expenditure were same 
which were 53 lacks. In 4th plan during 1969-74 outlay 
IQ^ 
was 353 Inckn and oxpoiitl i turo was 378 lacks. In fifth 
plan during 1974-78 outlay was 1197 lacks and 
expenditure was 797 lacks-During Adhoc plan of 1978-79 
outlay was 401 lacks and expenditure was 428 lacks. In 
1979-80 outlay was 355 lacks and expenditure was 424 
lacks. During sixth five year plan in 1980-85 outlay 
was 2000 lacks and expenditure was 1184 lacks. In 
seventh five year plan during 1985-90 outlay was 2500 
lacks and expenditure was 3298 lacks. During eighth 
planl990-95 outlay and expenditure is estimated to be 
same which may be 10,000 lacks, we see that, in second 
five year plan expenditure was lesser than outlay. In 
1966-67 also there was gain of 4 lacks. In 1967-68 
there was gain of 7 lacks. In 1969-74 there was 
expenditure of 25 lacks more than outlay. In 1974-78 
there was 400 lacks more outlay than expenditure. In 
Adhoc plan of 1978-79 and 1979-80 working of the BSRTC 
was not good because expenditure was more than outlay. 
During sixth and seventh plan expenditure was more than 
outlay. So, we can clearly say that, working of the 
BSRTC for last decade since 1980-90 was not good. The 
data given clearly portrays the outlay and expenditure 
of BSRTC during first to eighth five year plan. 
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Firom the table above we observe that, during 
1985-90 the BSFVl'C had target of 3757.50 to spend but 
availability of amount was only 2990.41 lacks for purchase 
of new vehicles, purchaso of department vehicles, land 
purchase, building construction, purchase of machines, 
tools and plants, renovation of old vehicles. 
In 1985-86 the target to purchase new vehicle was 
455 lacks but 292.49 lacks could be available to purchase 
139 new vehicles. In 1986-87 target was 940 lacks but only 
538.73 lacks could be available to purchase 225 new 
vehicles. In 1987-88 the target to purchase new vehicles 
was 54 lacks but 810.51 lacks could be available to 
purchase 226 vehicles. In 1988-89 the target to purchase 
new vehicles was 550 lacks but 396 lacks could be 
available to purchase 189 vehicles. During 1989-90 the 
target to purchase new vehicles was 483.80 lacks and 
availability was also 483.80 lacks to purchase 69 
vehicles. 
The target to purchase departmental vehicles 
during 1985-86 was 5 lacks but 1.20 lacks could be 
available to purchase one vehicle. During 1986-87 the 
target to purchase departmental vehicle was 10 lacks but 
2.06 lacks could be available to purchase one departmental 
vehicle. During 1987-88 the target to purchase 
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departmental vehicle was 10 lacks but 18.75 lacks were 
available to purchase departmental vehicles. During 
1988-89 and 1989-90 there was no purchase of departmental 
vehicles. 
During 1985-86 the target to purchase land was 10 
lacks but 6.36 lacks could be available. There was no 
purchase of land during 1986-90. 
During 1985-86 the target to construct building 
was 10 lacks but only 2.84 lacks could be available. 
During 1986-87 availability for building construction was 
2.83 lacks. During 1989-90 the target to construct 
building was 10 lacks and this amount was available to the 
BSRTC. 
The target to purchase machine, tools and plants 
was 10 lacks but only 0.02 lack was available. In 1986-87 
the target to purchase machine tools was 50 lacks but 1.12 
lack was available. The available amount for purchase of 
machine and tools was 200 lacks during 1987-88, 48.70 
lacks during 1989-90. 
The target to renovate old vehicles was 175 lacks 
during 1989-90 and this amount was available to the BSRTC. 
The data of eighth plan in the given table will show the 
activities of the BSRTC during 1990-95. The BSRTC planned 
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itself to reach the target and keep up the position of the 
BSRTC^ but it was not possible by the management of MP, 
MLA's who were holding big posts for lookafter the 
corporation. 
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In the previous table we see that, total amount of 
oighth plan during 1990-95 WHR 6965 lacks. During 1990-91 
the amount to purchase new vehicles was 690 lacks for 140 
new vehicles^ 800 lacks were available during 1991-92 for 
purchase of 160 vehicles, 1080 lacks were during 1992-93 
for purchase of 215 vehicles, 1210 lacks were during 
1993-94 for purchase of 260 vehicles, and 1445 lacks have 
been estimated for 1994-95 for purchase of 285 new 
vehicles. 
For purchase of department vehicles in eighth plan 
was 60 lacks for 38 vehicles in 1990-91 and 1991-92. There 
was 10 lacks for 6 vehicles of department in 1993-94. In 
1992-93 available amount was 15 lacks. In 1994-95 
available amount was 10 lacks for purchase of 6 
departmental vehicles. 
The amount of workshop building was 155 lacks. In 
1990-91 amount was 25 lacks. In 1990-91, available amount 
was 25 lacks, in 1991-92 75 lacks, in 1992-93 and 1993-94 
20 lacks and in 1994-95 15 lacks. 
Total amount for purchase of machine and tools in 
eighth plan was 525 lacks. In 1990-91 available amount was 
100 lacks, during 1991-92 available amount was 115 lacks, 
in 1992-93 110 lacks. During 1993-94 and 1994-95 available 
amount was 100 lacks. 
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Total available amount for renovation of new 
vehicles was 700 lacks during 1990-91 and 1991-92 
available amount was 200 lacks. During 1992-93, 1993-94, 
1994-95 available amounts were 100 lacks respectively. 
The available amount for road safety measures, 
pollution control measures and transport nagar complex was 
200 lacks. During 1991-92, 30 lacks were available in 
1992-93, 1993-94, 1994-95 available amounts were 65 lacks, 
55 lacks and 50 lacks respectively. 
Total investment amount of 1990-91 was 1025 lacks, 
1991-92 was 1230 lacks, 1992-93 was 390 lacks, 1993-94 was 
1600 lacks and 1994-95 was 1720 lacks under eighth plan. 
Table of perspective plan of the BSRTC till 2000 is given. 
tr> 
55 
s 
4-1 
O 
B 
S 
S 
U 
•H 
a 
•B 
CM 
•P • 
o ^  o ^ 
-H 0) 
CO 
I 
00 
00 
00 
I 
in 
00 
en 
00 
I 
00 
00 
cri 
00 
I 
tn 
00 
en 
CTl 
oo 
I 
00 
00 
CO 
I 
in 
00 
en 
en 
00 
I 
CO 
00 
en 
tn 
00 
I 
oo 
CO 
en 
00 
I n' 
^ o i n e N C M i n v i s n f M O 
r ~ v x 5 o o n H r i < C N i n c n < x ) ( N 
• • • • • • • • • • 
Ft m o 
o n r^  rr o in CO r~- •«r m 
rH <N fH rH rg 
rH n •^ 00 H i n n n (N r-l 
rH rg rH iH CM 
in tH H n vo 
m m n n n 
•^ ^ 00 r^ i n 00 
o en r~ Tf 
r\i iH iH H 3 tq 
o 
00 
m a> 
o 
CN 
m 
en 
fNI 
en 
rg 
r^  
n 
•>* 
rr 
in 
n 
(N 
n 
in 
(N 
r~ 00 (N oo n n 
n n n CN CM n 
in 
CM 
CN 
in •«*" u) o 00 «:}• 
in CN 00 en CN in 
•^ r- •«*• ^ in I in 
CO en r^ 00 UD 
iH rH t O (N 
in in 'T in »* 
en 
00 
in 
o c N ' ^ i H i n o o o o c N r o n v o o 
c N r H r N C N e n c N o c N n i n c n i n 
^ r ^ ' T ' ^ f ' ^ ^ i n ^ ^ ' t r c N n 
CN CN r- CN r-in VD 00 r~ CN 
r f n x3< ^ in 
n ^ «x> en oo r--
n CN o o CN H in n in ' ^ in ro 
o 
r^  
,H 
• ^ 
•^  
CN 
n 
vo 
in 
ro 
r^  
o 
^ 
n 
n 
•t 
""T 
OO 
ro 
•* 
r-
M' 
CN 
VD 
CN 
O 
• ^ 
• ^ 
H 
CN 
•"S* 
•>:»< 
O 
n 
en 
TJ* 
CN 
x: 
a 
T) 
rO 
& 
(TJ 
rn 
5 
•^  
J^ 
x: •H 
CQ 
•P 
(0 
•n 
d 
O 
x: 
w nj (3 
CM K D 
124 
125 
From the above table it is observed that, total 
revenue (paise/KM), total cost (paise/km), cost on tyre 
and tube (paise/Km), cost on staff (paise/Km) and 
Kilometer per litre(K.M.P.L.) of different undertakings 
have been given. Total revenue of Bihar Road Transport 
Corporation was 324 paise/km in 1985-86 and 362 paise/km 
in 1988-89. total cost of the BSRTC was 712 paise/km in 
1985-86 and 724 paise/km in 1988-89. Cost of tyre and tube 
of the BSRTC in 1985-86 was 29 paise/km and in 1988-89 31 
paise/km. Cost of staff v/as 151 paise/km in 1985-86 and 
159 paise/km in 1988-89. Vehicle efficiency KM/perlitre in 
1985-86 was 3.60 and in 1988-89 was 3.87. 
Total revenue, of Uttar Pradesh STC was 421 
paise/km in 1985-86 and 409 paise/km in 1988-89. Total 
cost was 453 paise/km in 1985-86 and 447 paise/km in 
1988-89. Cost on tyre and tube was 28 paise/km in 1988-89. 
Cost on staff of the UPSRTC was 147 paise/km in 1988-89. 
Efficiency of vehicles was 4.20 km/L in 1985-86. the 
condition of the UPSRTC in total revenue, total cost, cost 
of tyre and tube, cost on staff and K.M.P.L. is far better 
than the BSRTC. In 1985-86 total revenue of the BSRTC was 
324 paise/km and the UPSRTC was 421 paise/km. Total cost 
of the BSRTC in 1988-89 v/as 724 paise/km and the UPSRTC 
was 447 paise/km. Cost on Lyre and tube of the BSRTC was 
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31 paise/km in 1988-89 and of the UPSRTC was 28 paise/km 
only. KMPL of the BSRTC was 3.87 in 1988-89 and the UPSRTC 
was 4.20. The descriptions of other state undertakings 
have been given in detail in Chapter I of this thesis. 
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The data given in the above table show condition 
of different undertakings in average number of vehicles 
held, number of buses available per thousand population, 
fleet utilisation (%), Vehicles productivity held, load 
factor (%). Average number of vehicles held by the BSRTC 
was 1622 in 1985-86 and 157G in 1988-89. Number of buses 
available per thousand population was 0.02 in 1985-86 and 
the same in 1988-89. Fleet utilisation percent was 47.0 in 
1985-86 and 59.0 in 1988-89. Vehicle productivity held was 
79.7 in 1985-86 and 120.0 in 1988-89. Load factor {%) was 
56.6 in 1985-86 and 63.0 in 1988-89. 
Average number of vehicles held by the UPSRTC was 
7036 in 1985-86 and 7545 in 1988-89. Number of buses 
available to the UPSRTC por thousand population was 0.06 
in 1985-86 and 0.07 during 1988-89. Fleet utilisation {%) 
was 76.0 in 1985-86 and 88.5 in 1988-89. Vehicles 
productivity was 161.0 in 1985-86 and 220.1 in 1988-89. 
Load factor % of the UPSRTC was 71.0 in 1985-86 and 64.0 
in 1988-89. 
When we compare the UPSRTC to the BSRTC we find 
that, the BSRTC is much lower than the UPSRTC. In 1985-86 
there were 1622 vehicles to the BSRTC and 7036 vehicles to 
the UPSRTC. In 1988-89 the BSRTC had 1576 vehicles and the 
UPSRTC had 7545 vehicles. Number of buses available per 
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thousand population was 0.02 in 1985-86 by the BSRTC and 
0.06 by the UPSRTC in tho snmo period. Floot utilisation 
percent of the BSRTC was 47.0 in 1985-86, 59.0 in 1988-89 
and of the UPSRTC was 76.0 in 1985-86 and 88.5 in 1988-89. 
Load factor porcont of the nSRTC in 1985-86 was 56.6 and in 
1988-89 was 63.0. Load Factor % of the UPSRTC was 71.0 in 
1985-86 and 64.0 in 1988-89. the condition of APSRTC, 
Gujrat SFITC, Karnataka SRTC, Maharashtra SRTC are better 
than the UPSRTC. The status of the BSRTC comes better than 
Pepsu which had only 1956 vehicles during 1985-86. At 
present only 500 vehicles are plying on road. It shows that 
the BSRTC is at very much down fall stage. 
CONCLUSION: 
From the discussion made above, it can be concluded 
that the operational activities in the road transport 
sector of Bihar have resulted in numerous complex 
problems. As a result of these problems, it becames very 
difficult for decisions to filter from top to bottom of the 
BSRTC well in time. This seriously affects the decision 
making at the operating levels. 
In 1959-60, 34 lacks rupees were contributed to the 
BSRTC from different sources which increased to 77.78 lacks 
in 1960-61, 70.56 lacks in 1961-62. In the year 1986-87, 
2264.49 lacks rupees were contributed which were 2230.49 
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lacks more than 1959-60. We observe that, the BSRTC 
received sufficient amount time to time but mounting of 
losses year after year decreased the image of the 
corporation. It can also be observed that, 1668 vehicles 
were available during 1990-91 according to statistical data 
available in the office but only 500 vehicles are 
approximately on road for service of passengers. There is 
an urgent need of improving the working and condition of 
the corporation. 
No doubt, the BSRTC operated its service in 
unremunerative area. It also faced serious competition from 
railways and private vehicle honours. Unfavourable natural 
clamaties like heavy rain, flood also deteriorated the 
condition but inspite of all mentioned above the 
corporation is at very downfall stage. The planning 
commission has chalked out various developmental plans for 
the years to come for addition of vehicles, fleet 
utilization, traffic earnings, purchase of new vehicles, 
construction of workshop buildings for the coming financial 
years till 2000. There is chance to invest huge amount for 
development and making the corporation in such a position 
where there will be profit. There is need of strict control 
of finance for developmental works. This should be 
implomontcd with the honest efforts of higher Quthorition 
in the state. In the next chapterwe will devote our energy 
131 
to appraise the performance of the UPSRTC which will be of 
immense use for making a comparative study of the UPSRTC 
with the BSRTC. This will also esnablo us to hava their 
comparison with the best transport undertakings of the 
States of Haryana, Punjab, Maharashtra etc. The lacunae in 
the organisational efficiency of those two States 
undertakings will also be examined in detail so as to 
arrive at some conclusions. 
13 o 
In the previous chapter we have made the 
performance appraisal of the DSRTC and have discussed the 
working, organisation, financial condition and problems of 
the BSRTC. This chapter will present the performance 
appraisal of the UPSRTC on the same lines as on the base 
of BSRTC. 
The purpose of setting up of the UPSRTC was as 
under:-
1. To provide facilities to the public, trade and 
industries with the development of road transport. 
2. To provide equality of any type of road transport 
of the UPSRTC. 
3. To develop the facilities of road transport, to 
update the condition of that, and to enlarge the 
condition of road transport system. 
To supervise, manage, and direct the acitivity of 
the corporation there is plan to a f point minimum 5 and 
maximum 17 directors. The ratio of appointing power between 
state and centre is 1/3 and 2/3. To manage the corporation 
in a better way the corporation has been divided into 4 
zones, 18 regions, and ]05 depots. Every region has a 
regional workshop. There are two central workshops in 
Kanpur for heavy repairing of vehicles, bus body building 
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on new chesis, and renewal of assemblies. For repairing of 
cars of administration and corporation, there is car 
section in Lucknow. Training institutions have been setup 
in Kanpur for training of drivers and technicians. For 
retrading of tyres five tyre retrading shops have been set 
up . Organised form of the UPSRTC is given in the chart on 
the next page. 
In 1990-91 there were 89% buses on road of the 
UPSRTC. In 1991-92 average buses of the corporation were 
also 89% on road. There is effort to keep the maximum buses 
on road of the corporation. On March 1992 there were 91% 
buses on road. 
In 1990-91 load factor of buses was 68% and in 
1991-92 increased to 72%. In 1990-91 44.69 crores 
passengers travelled with the comfort services of the 
UPSRTC but in 1991-92 77 lacks more passenger engaged the 
services of the UPSRTC. 
In 1991-92 the. KMPL was 4.52 which is a record of 
the UPSRTC. In 1990-91 KMPL was 4.49 only. 53 lacks were 
saved to reduce the consumption of oil in 1991-92 as 
comparison to 1990-91. In 1991-92 the life of new tyre was 
recorded 639 37 km and life of renewed tyre was recorded 
1. yearly Work Description of the UPSRTC, 1991-92, pp. 4-5. 
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34795 km. In 1991-92 the life of new Tata Engine was 
recorded 377469 km and Leyland 390534 Km. Life of 
reconditioned Tata Engine was recorded 163<12 km and Leyland 
engine 17187 km. 
In 1991-92 there was profit of'^ '348.40 croros but in 
1990-91 profit was<f308.82 crores only. The UPSRTC improved 
the efficiency in 1991-92. 
In 1990-91 the employee ratio per bus was 8.06 
which decreased to 8.00 in 1991-92. In 1990-91 the 
productivity of employee in Km was 28.79 which increased to 
29.88 in 1991-92. At present condition is also similar to 
previous years. 
THE DEVELOPMENT OF THE UPSRTC IN VARIOUS PLANS: 
First; Second & Third Plan (1951-56, 56-61, 61-66); 
Nationalised road transport service was taken over 
in first plan to make the service useful, important, and 
developed. In the beginning of first five year plan, road 
services were enlarged to 7465 Km well pacci road. 
[n the second five year plan, nationalised 
transport was put for two years in consideration and again 
put the target in plan. 
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In third five year plan the development of 
nationalised vehicles were in consideration of plan. It was 
thought to take step in fourth five year plan. 
Fourth Five Year Plan (1969-74); 
In fourth five year plan the target was fixed to 
enlarge 1000 more road Km to fulfil the utilities of 
vehicles. 7.25 crores were fixed to purchase 773 buses 
to add in the UPSRTC. In 1973-74 773 chesises were 
purchased and enlargement of nationalised transport 
services was made on 1242 Km more roads. 
Fifth Five Year Plan (1974-1978); 
In fifth five year plan 2783 chesises were 
purchased by transport corporation* 2410 were used for 
reconstruction of old chesises and remaining 373 chesises 
were used for fulfilment of transport need and enlargement 
of services of corporation. In 1978-79 the services of the 
corporation were on 21669 Km pacci roads. 
Sixth Five Year Plan (1980-85); 
In sixth five year plan (1980-85) there was target 
of spending 209.55 crores rupees but because of some 
internal problems this target was not implemented. In this 
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plan the target was to purchase 5050 buses but 2929 buses 
could be available. Because of major problems the target of 
nationalisation of new road was 1800 Km but only 507 km 
could be implemented. 
Seventh Five Year Plan (1985-90): 
There was target to spend 250 crores in seventh 
five year plan, the main aim of seventh five year plan was 
to make the services of the UPSRTC better and to make the 
management and operation of vehicles better that, 
passengers could get day by day satisfaction from the 
corporation services. There was plan to change over age 
buses into new buses that, in the end of the seventh plan 
no old vehicles could remain. An effort was made to link 
the routes in such a way that, all big and small cities, 
capitals^ industrial beltSy developing towns^ and tourist 
places could be linked to each other. There was an effort 
to moderna.1 se and improve the condition of factory of 
corporation. In this plan 6777 chesises were planned to 
purchase and 5553 chesises were planned to reconditioned. 
Old vehiclec and 1224 chesises were planned to introduce 
for development of the corporation. The actual purchase of 
the chesises were 5191 in seventh five year plan during 
1985-90. 
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Achievement of Seventh Five Year Plan 
1. Purchase of new vehicles 
2. Bus depot increasement 
3. % of average buses 
4. Bus dept utilisation 
5. Bus utilisation (km per 
bus per day) 
6. Ratio of bus staff 
7. Employee productivity 
8 . Total Money expenditure 
5191 
1963 
Previously 28.88% which 
decreased to 9% only. 
Previously 72% which 
increased to 89% 
Previously 158 Km which 
increased to 222 Km. 
Previously, 8^ '49 per bus 
which reduced to 8.01 
Previously 24.07 km which 
increased to 30.45 km 
Target was 250 crores but 
actual investment was 
261.15. 
YEARLY PLAN OF (1990-91): 
There was plan to invest'^41.85 crores in 1990-91. 680 
buses were about to purchase by investing ^ 34.19 crores. 
These buses were about to purchase to renew new buses. 
There was plan to spend/?i3.66 crores for renovation of 680 
buses. In 1990-91. There was also plan to spend »f'4 crores 
rupees for reconditioning the factory organisation, 
purchase "^ machine & tools of modern techniques, purchase 
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of land for construction of new workshop, furniture & 
fixtures, tools and plants. 
There was plan to fulfil this expenditure of 4 crores 
as above from contribution of state and Central Government, 
debt from LIC, IDBI and other commercial banks, and from 
internal sources of the corporation. For every plan P^36.30 
crores were invested. Inspite of/''41'85 crores 570 busis were 
purchased according to UPSRTC administrative report of 
1991-92. 
YEARLY PLAN OF (1991-92): 
There was plan to invest 42.90 crores in 1991-92. 
37.90 crores were planned to invest for purchasing 715 
buses. In the same year<53 crores were planned to invest for 
renovation of buses andJ^ <2 crores for purchase of machine 
and tools, purchase of land and construction of buildings. 
Only 629 buses could be purchasct/ in this year 
1991-92. The utilisation of bus depot was 89% and 213 km 
per bus per day was achieved. Rs 30.85 crores were spent 
for purchase of new buses and their body building. The 
operation of corporation was on 72% load factor. 
EIGHTH FIVE YEAR PLAN (1992-97): 
There was plan to invest Rs 415 crores in 1992-97. 
In this plan there was target to purchase 6180 buses. These 
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buses were about to purchase for reconstruction of old 
buses.R<'340 crores were sanctioned for purchase of buses. 
There is plan to investufSO crores for renovation of buses 
in whole eighth five year plan. There is also plan of 
development and modernisation of present workshop during 
1992-97. For that there is plan to invest Rs 10 crores for 
land and building and Rs 5 crores for machine and tools. 
There is plan of setting up of computer channels in 
various departments of the UPSRTC under eighth plan. For 
that Rs 10 crores are about to invest. These all 
expenditures of eighth plan could be fulfilled with the 
contribution of Centre and State Government, debt of LIC, 
IDBI and from internal resources of the corporation. 
In eighth five year plan, there was planning to 
update the capability and standard of the corporation, the 
target which has been fixed by the planning commission are 
as under. 
1. In the end of eighth five year plan 
number of buses 8100 
2. In the plan period percent of 
on road buses 93 
3. Bus utilisation per bus per day 255 
4. Load factor (%) 73 
5. Ratio of bus staff 7.75 
6. Fuel, KMPL 4.75 
7. Staff productivity in Km 38.46 
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YEARLY PLAN OF 1992-93: 
There was plan to investf5r69 crores of rupees in the 
yearly plan of 1992-93. RR 57 crores were invested for 
purchase of 1075 buses. Thoso purchases had been planned 
for renev?al of new buses. There was plan to invest Rs 9 
crores for renovation of 500 buses. It was also plannnri • to 
invest R& 50 lacks for land and building, Rs 50 lacks for 
machine and tools and Rs 2 crores for computerisation. 
These investments were planned to fulfil with assistance of 
Central and State Government, debt of LIC and from internal 
resources. 
FIXATION OF TARGET FOR CAPABILITY AND STANDARD OF 1992-93: 
1. In the end of 1992-93 number of buses 8100 
2. Percent of on road buses 91 
3. Bus utilisation (Km per bus per day) 230 
4. Load factor % 73 
5. Staff productivity/km 31.56 
6. Bus staff ratio 7.92 
7. Fuel/KMPL 4.64 
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TABLE - 22 
TOTAL NUMBER OF BUSES AND TOTAL BUSES ON ROAD OF THE UPSRTC 
DURING 1982-92 
Year Total Buses On Road Buses 
1982-83 214 159 
1983-84 211 159 
1984-85 204 158 
1985-86 213 169 
1986-87 222 190 
1987-88 238 209 
1988-89 248 219 
1989-90 250 222 
1990-91 231 204 
1991-92 240 213 
Source: Data collected from the Administrative Report of 
the UPSRTC, Gandhi Marg, Lucknow, 1991-92. 
From the table above it is clear that total number 
of buses in the UPSRTC were more than on road buses till 
1991-92. The nunmber of buses increased or decreased 
according to prevailing condition of the corporation. The 
coming graph portrays the comparison of productivity of on 
road buses to total number of buses since 1982 to 1992. 
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From I Im I nhl o \t r.nii ho oboorvnd thnh, t\in tnrfjnl 
of VII five year plan was to pruchase 5826 vehicles in the 
bcyinning of Lho year but G198 vehicles wore actually 
purchased. Tarqot of eighth plan is to purchase 8100 
vehicles. The target of 1992-93 was also to purchase 8100 
vehicles. Number of purchased buses in the seventh plan was 
5191 as target was 6777. The target of eighth plan is 
to purchase 6180 vehicles. Number of unworkable buses in 
seventh plan were 3228. Number of vehicles in the end of 
seventh plan wnfi 8161. Nutnl)fM- of average buson wore 1302 in 
1985-86, 865 in 1986-87, 433 in 1987-88, 490 in 1988-89, 
740 in 1988-89. Percent of on road buses were 76 in 
1985-86, 84 in 1986-87, 88 in 1987-88, and in 1988-89,and 
89 in 1989-90. The target of eight/i plan (1992-97) is to 
have 93 buses on road. 4 buses are planned to keep on road 
more than seventh five year plan 'in' eighbR plan. Total 
earned Km (lack^ ) were 4435 in 1985-86, 4760 in 1986-87, 
5496 in 1987-88, 6061 in 1988-89, and 6508 in 1989-90. In 
eighth five plan the target of total earned Km is 37240 
lacks. The load factor percent of seventh five year plan 
was 66% and the target of eighth five year plan is 73%. 
Number of employees in seventh five year plan were 58541 
and the target of eigth five year plan is 58400. Ratio of 
bus staff in seventh five year plan was 8.01 and the target 
of eighth five year plan is 7.75%. Employee productivity Km 
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per employee per day in seventh five year plan was 30.46 
and in eighth five year plan is 38.46. Breakdown of 
vehicles per 10,000 Km was 0.28 in seventh five year plan 
and the target to achieve in eighth five year plan is 0.24. 
Purchase price of new chesis in seventh five year 
plan was 5191 and eighth plan target is{;6180 crores. Expense 
on purchase of chesis in seventh plan was/?>205.80 crores and 
/ir340 crores are planned to invest in eighth plan for 
purchase of 6180 new chesis. Expense on construction of 
bus body in 1990-91, 1991-92, 1992-93, werefelO.78 crores, 
I(X2.16 crores and ^ 58.70 crores. Expense on renovation of 
buses was 33.19 crores in seventh five year plan and 50 
crores are planned to invest in eighth five year plan 
during (1992-97). Expense on land & building machine & 
tools was 22.16 crores in seventh plan and 15 crores are 
planned in eighth five year plan. Expense on 
computerisation in seventh plan was nil but in eighth five 
year plan 10 crores will be invested to computerise 
different departments. 
State Government provided 103.59 crores in seventh 
plan and 50 crores in eighth plan (1992-97) to the UPSRTC. 
Central Government contributed 37.83 crores in seventh plan 
(1985-90) and 25 crores in eighth plan. The contribution of 
IDBI was 118,49 crores in seventh plan and 14.54 crores in 
eighth five year plan to the UPSRTC. LIC contributed 17.41 
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crores in seventh plan and in 1991-92. Rs 2.42 crores were 
contributed by LIC. There was profit of Rs. 68.02 crores in 
seventh plan and Rs. 216.90 crores are planned to achieve 
profit in eighth five year plan. The paymnnt of debt in 
seventh five year plan was-f,105.14 crores and in eighth plan 
2 
«il67.44 crores are planned to finish the debt. 
CITY TRANSPORT SERVICES OF THE UPSRTC: 
There are city services of the UPSRTC in the cities 
like Agra, Allahabad, Kanpur, Lucknow, Varanasi and 
Dehradun. 316 city buses were operated in these cities in 
1991-92. Meerut, Gorakhpur, Jhansi, Mathura and Faizabad 
are also enjoying city services. City services have been 
introduced by the corporation because of social 
liabilities. Increased vehicles like tampoos, cars. Auto 
Rickshaws, Taxis, mini buses, moped, scooteyi- motorcycles, 
and other vehicles of slow speed are disturbing city 
services. Corporation suffers great loss because of minium 
utilisation of city services and maximum expense. Table 
below gives information about operation return of city 
transport services. 
2. Yearly Work Description of the UPSRTC, Gandhi Marg, 
Lucknow, 1991-92. 
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MOUNTAINOUS BUS SERVICES OF THE UPSRTC: 
256 routes have been in operation by mountainous 
populated cities like Dehradun^ Tanakpur and Nainital by 
the Corporation. This has been introduced for facilities of 
passengers./^^ 2 crores passengers get benefit from this 
service. Mountainous services have been introduced for 
developmental purposes. Mountain buses have low life and 
need maximum operation expense, the table below portrays 
the operational return of mountainous bus services since 
1986-87 to 1991-92. 
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From the table we obBerve that, average number of 
buses in mountain bus services were 477 in 1986-87, 479 in 
1987-88, 473 in 1988-89, 510 in 1989-90, 528 in 1990-91 and 
527 in 1991-92. Earned KM were 258.23 lacks in 1986-87, Rs 
274. 45 lacks in 1987-88, R^ 283.95 lacks in 1988-89, Rs 
313.67 lacks in 1989-90, Rs 323.33 lacks in 1990-91 and Rs 
336.17 lacks in 1991-92. The use of bus km per bus per day 
was 154 in 1986-87, 157 in 1987-88, 164 in 1988-89, 168 in 
1989-90 and 1990-91, 174 in 1991-92. Earned income (lacks) 
of mountainous services was 930.33 in 1986-87, 1225.20 in 
1987-88, 1247.53 in 1988-89, 1413.26 in 1989-90, 1648.16 in 
990-91 and 1872.84 in 1991-92. Total expenditures (lacks) 
were 1137.76 in 1986-87, 1335.13 in 1987-88, 1494.89 in 
1988-89, 1760.15 in 1989-90, Profit/loss (lacks) was 
/^r207.43 in 1986-87 ,-(,-109 . 93 in 1987-88 ,^ (-247 . 36 in 1988-89, 
<i-346.89 in 1989-90 , X,'^ -667 . 03 in 1990-91 and/?f-466 . 75 in 
1991-92. Load factor was 53% in 1986-87, 64% in 1987-88, 
63% in 1988-89, 68% in 1989-90 and 1990-91 and 74% 1991-92. 
Total number of passengers were/^105.86 lacks in 1986-87, 
/i5l55.71 lacks in 1987-88 , ^ 5^159 . 23 lacks in 1988-89 , ;<a83 . 38 
lacks in 1989-90,^194.89 lacks In 1990-91 andi«196.72 lacks 
in 1991-92. Fuel efficiency (KMPL) was 3.85 in 1986-87, 
4.01 in 1987-88, 4.04 in 1988-89, 4.08 in 1989-90, 4.02 in 
1990-91 and 4,03 in 1991-92. From the data we observe that 
since 1986-92 mountainous services of the UPSRTC sufferred 
great losses. The graph is given which depicts the yearwise 
losses of mountainuous services of the UPSRTC since 1986-87 
to 1991-92. 
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NIGHT SERVICES OF THE UPSRTC: 
782 buses are being operated on 264 routes by the 
UPSRTC for night services. For the safety of passengers new 
and healthy buses are given in operation. 
OPERATION OF INTERSTATE SERVICES: 
With the agreement of other states the UPSRTC buses 
operate in adjoining statoR also. The services of those 
routes have been proved useful, profitable and of public 
interest, the states which are in touch of the UPSRTC are 
given below: 
(1) In Punjab and Haryana the places like Ainbala, 
Karnal, Rohtak, Bhiwani, Ludhyana, Patiala, 
Amritsar, Pathankot and Hoshiarpur are in the 
operation of the UPSRTC. 
(2) In Himachal Pradesh the places like Shim]a and 
Nahan are in the operation of the UPSRTC. 
(3) In Rajasthan, the places like Udaipur, Ajmer, 
Bharatpur, Alwar, Jaipur, Balaji and Nathdwara are 
in touch of the UPSRTC. 
(4) In M.P. Khajuraho, Gwalior, Sagar, Rinwa and Stna 
are in touch of the UPSRTC. 
(5) In Bihar, Raxol, Patna, Gaya and Bhabhua are in 
touch of the UPSRTC. 
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The direct services arebeing given to the central 
territories Delhi & Chandigarh by the UPSRTC. At present 
there are 1351 buses in 369 interstate routes are being 
operated by the UPSRTC. 
FAIR SERVICES OF THE UPSRTC: 
There are time to time setting up of fair in UP 
state. TO' provide facilities to passengers and to increase 
the development of fairs^ the UPSRTC provide fair services 
also. These services have been proved very much o f public 
interest. These services are being operated on occassion of 
Chitrkut, Kartikpurnima, Kaila Devi, Deepmalika, Sawan 
Jhula, Jauljiwi, Garh, Govind Dashmi, Dadri, Pirankaliar, 
Dewa, Nauchandi and Magh. 
In 1991-92 there was profit of Rs 102.38 lacks by 
fair services to the corporation. M4.02 lacks passengers 
could get benefit of the services of the UPSRTC on 
occassion of fair. 
Inspite of that, there are facilities of pass to 
wiklang, blind, children, students. Member of Loksabha and 
Rajysabha, Member of legislative assembly. Member of 
legistative council, famous journalists, freedom fighters, 
important persons of legislative assembly etc. 
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EFFORT OF SAFE TRAVELLING OF THE UPSRTC: 
Safety of travelling is mainly based on healthy 
buses and trained drivers. There is need of physical and 
mental health of the drivers for safety. Maximum load of 
work is also cause of accident for that one day weak 
holiday is given. Drivers eye sight is also very important-
Time to time doctors check the eyes at regional level. 
Appointment of drivers are based on certain level of 
qualification, H.M.B. licence of 5 years old are needed to 
appoint as driver. After 40 years of age the checking of 
eye at every year is must. There are provisons of award of 
those drivers who do not exidont the vehicles. The graph in 
comming pages give information of (1) total gained km and 
total carried passengers in crores by the UPSRTC, (2) 
condition of bus depots and vehicles conditions, (3) fuel 
efficiency KMPL, (4) Breakdown & accidents, 95) Position of 
capital & debt, (6) Graph of income, expnediture and profit 
and loss, (7) year wise description of expenditure, (8) 
graph of total profit & loss, (9) percent of total cost, 
(10) Employee productivity/bus staff ratio, (11) Income & 
Expenditure per km. 
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Total buses in the beginning of year, new buses purchae'ed, 
usolosB buses, and overage buses of the 
UPSRTC since 1982-1992 
Year Buses in the New buses Useless Overage 
beginning of purchased buses buses 
year 
1982-83 5996 257 427 1119 
1983-84 5826 451 245 1357 
1984-85 6032 970 804 1790 
1985-86 6198 895 805 1302 
1986-87 6288 1335 944 865 
1987-88 6679 1189 649 433 
198R-89 7219 952 243 490 
#989-90 7921 820 587 740 
1990-91 8161 570 665 1187 
1991-92. 8066 629 812 2153 
Source: Data collected from Administration Report of the UPSR'TC, 
1991-92. 
The graph on tlie next page portrays the total buses in the 
beginning of year, total new buses purchased, useless buses, and 
overage buses of the UPSRTC during 1982-92. 
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TABLE - 28 
Total Income, Expenditure, Profit/Loss of the UPSRTC 
Since 1982-92 
(Rs. Crores) 
Year Income Expenditure Profit/Loss 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
1989-90 
1990-91 
1991-92 
110.51 
128.73 
140.93 
160.80 
181.G9 
223.47 
249.33 
279.66 
308.82 
348.40 
132.03 
145.37 
If. 3.32 
178.32 
189.92 
223.43 
266.90 
304.41 
349.24 
382.11 
-12.52 
-16.64 
-22.39 
-17.52 
- 8.29 
+ 0.07 
-17.57 
-24.75 
-40.42 
-33.71 
Source: Data collected from the Administrative Report of the 
UPSRTC during 1991-92. 
Report of the UPSRTC during 1991-92. The comming 
graph shows income, expenditure and profit/loss of the 
UPSRTC during 1982 to 1992. 
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TABLE - 29 
Total Dxpenditures of t.ho UPSRTC Since 1986-1992 
Year Salary Dtcsol Tyre 8. Spares Rcvolu-
& tube ation 
Oil 
Interest Diffe-
rent 
Exp. 
1986-87 6828.65 3875.31 946.77 1431.58 2375.65 1196.53 2338.01 
1987-88 8453.77 4797.18 1017.90 1625.29 3423.09 1422.66 1602.71 
1988-89 10430.40 5549.46 1591.57 2030.46 4049.30 1657.97 1380.69 
1989-90 12194,09 6053.81 1724.94 2799.94 4219.94 1940.04 1508.74 
1990-91 14975.01 7258.62 1769.82 2867.86 4163.50 2096.60 1792.98 
1991-92 16990.50 8460.63 2037.63 2806.54 3827.89 2535.56 1551.90 
Sourcse: Data collected from Administrative Report of the UPSRTC during 1991-92. 
The graph on t h e next page p o r t r a y s t h e r e a l p i c t u r e of 
e x p e n d i t u r e s of t he UPSRTC. 
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TADLF - 30 
Cash Profit/Loss and Net Profit/Loss of the UPSRTC 
Since 1982 to 1992 
_ (Rs. in lacks) 
Year Cash profit/loss Net Profit/loss 
1982-83 -2151.80 +672.64 
1983-84 -1664.37 -364.72 
1984-85 -2238.96 -843.06 
1985-86 -1752.51 + 76.87 
1986-87 -823.03 +1552.62 
1987-88 + 4.15 +3427.00 
1988-89 -1757.14 +2292.16 
1989-90 -2474.81 +1745.13 
1990-91 -4041.79 +121.71 
1991-92 -3371.15 +456.74 
Source! Data colloctcd from I ho Administrative Report of 
the UPSRTC, 1991-92. 
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The table given in the previous page portrays the 
general cent Ion of the Ul'.Sin'C, condition of depots, 
operational return, financial condition, income & 
Expenditure, profit & loss, technical return, C(C.<Llcf^-nis,' 
'On 31st March 1972-73 there were 1111 routes which 
increased year after year. Tn 1991-92 it increased to 2438 
routes. Number of buses since 1172-73 to 1991-92 were, 4582 
in 1972-73, 4623 in 197^-74, 4840 in 1974-75, 7987 in 
1989-90 and 8083 in 1991-92. Total earned Km (crores) were 
i;23.54 in 1972-7 3 ,A;34 .45 in 1978-79 andA63.09 in 1991-92. We 
see that, total earning/km increased fromAi23.54 in 1972-73 
to 63.09 in 1991-92. This shows the development of the 
corporation year after year. Total income in 1972-73 was 
A^ 28.21 crores and in 1991-92 was 349.53 crores. Total 
expenditure of the UPSRTC was/^ •28 . 5Si'.;in 1972-73 and/?i382 . 9ec^ ; 
in 1991-92. When we pay a glance to profit/loss we see that 
the corporation suffered loss year after year. No doubt in 
1975-76 the corporation gained profit of ftS0.80 crore in 
1976-77/^jl.21 crore. Then since 1977-78 to 1986-87 there was 
loss every year. In 1991-92 tfiore was loss of-^ 4533.43 crores 
as data in previous page shovsrs, Total accidents in 1972-73 
were 944 which was controlled since 1981-82 to 1986-87. In 
1984-85 there were only 44^ accidents but in 1991-92 it 
increased to 146^ accidents. I'ho data given in the comming 
table portnys Llio doscripLioii of acceptances and net 
profit/loss of the corporation. 
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In the previous table total income, Salary and 
allowance, Devaluation, Interest, Total Expenses, Total P/L, 
Profit and loss before devaluation of the UPSRTC since 1972 
to 1992 has been given. Total income during 1972-73 was Rs 
23,2 Crores which increased to Rs. 35.2 crores approximately 
during 1973-74, Rs. 111.78 crores during 1981-82, Rs 348.49 
crores during 1991-92. Total salary and allowance of 1991-92 
was Rs 170 crores during 1991-92. Expense on Petrol & Diesel 
was Rs 85.7 crores during 1991-92. Profit/ loss before 
devaluation was +4.6 crores during 1991-92. 
From the Table it is clear that, Income, Expenditure, 
Interest etc. of the corporation increased year after year. 
This shows that, activities of the corporation developed more 
and more. 
17f) 
TABLE - 33 
Financial Status of the UPSRTC 
during 1985-92 
Year Total Total P/L Income Expen- P/L per Km 
Income Expend, (cr.) Km(Rs) diture (paise) 
(cr.) (Cr.) (paise) 
1985-86 160.80 178.32 -17.52 363 402 -39 
1986-87 181.69 189.92 -8.23 382 399 -17 
1987-88 223.47 223.43 0.04 407 407 
1988-89 249.33 266.90 -17.57 411 440 -29 
1989-90 279.66 304.41 -24.75 430 468 -38 
1990-91 308.82 349.24 -40.42 503 569 -66 
1991-92 348.40 382.11 -33.71 552 606 -54 
S o u r c e : Data c o l l e c t e d from t h e o f f i c e of t h e UPSRTC, 
Lucknow, 1 9 9 1 - 9 2 . 
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In the previous table financial status of the 
UPSRTC sinco 1985-86 to 199]-9? has been given. Wo see tiiot 
in 1985-86 total income (crore) of the corporation was 
160.80 which Increased to 181.69 in 1986-87, 223.47 in 
1987-88, 249.33 in 1988-89, 779.66 in 1989-90, 308.82 in 
1990-91, and 348.40 in 1991-92. We see that income of the 
corporation increased year after year but total 
expenditures also increased parallel to income. In 1985-86 
expenditure was 178.32 crores which increased to 382.11 
crores in 1991-92 which was 33.71 crores more than income. 
Profit and loss of the corporation was -17.52 crores in 
1985-86, -8.23 crores in 1986-87, 0.04 crore in 1987-88, 
and -33.71 crores in 1991-92. The table in the commining 
page depicts description of appropriated capital of the 
corporation. 
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CONCI.UPiTONt 
From the discussion made above, it can be concluded 
that the operational activities in the road transport 
sector of UP have resulted in numerous complex problems. As 
a result of these problems losses are mounting year after 
year. It also shows unsatisfied condition of employees, 
when we examine the condition of road transport it clearly 
indicates that UPSRTC faces serious problems because of 
operation of city services where loss"^ increased year after 
c 
year. In 1986-87 there was loss ofK53.5569 crores which 
increased to Rs 10.5750 crores in 1990-91 and Rs 8.5566 
crores in 1991-92. Mountainuous services of the UPSRTC 
suffer loss year after year. In 1986-87 there was loss of 
Rs 2.0743 crores which increased to Rs 6.6703 crores in 
1990-91. 
No doubt when we examine the condition of the BSRTC 
and the UPSRTC^the management, passenger facilities, number 
of buses, number of routes and different other services are 
far better than BSRTC but it is still very much behind. It 
becomes clear that there is an urgent need to improve the 
areas like night services of the UPSRTC etc. where losses 
are mounting year after year. In the next chapter a 
comparison of the UPSRTC with the BSRTC will be made which 
will provide us the concluding base of our research. 
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In the fifth chapter the performance of the UPSRTC 
has been appraised. In the present chapter a comparative 
study of the BSRTC and the UPSRTC will be made which will 
be of immense use for arriving at findings and conclusions. 
Before I start comparing both the Corporations I should 
pointout the areas of comparison one by one. 
PERSONNEL PERFORMANCE: 
The BSRTC: 
On a glance on the personnel performance of the 
BSRTC it is found that the corporation has a Board of 
Managment. Two representatives of the Railways participate 
in the board of management of the corporation. Except these 
two members all other members of the board are nominated by 
the State Government of Bihar. The overall responsibility 
for the management of the corporation vests in the board of 
management. The managing board of the corporation has 
delegated its power to a large extent to the chairman, the 
General Manager and the Vice Chairman. The meeting of the 
managing board is held after every month regularly in which 
various resolutions are passed. The chairman heads such 
committees and orders the general manager to execute the 
resolutions passed in the meetings. The chairman has the 
power to take decisions in the light of the resolutions 
184 
passed in the meetings. The General Manager is the Chief 
Executive Officer who executes the policy decisions of the 
mnnnging board and tho orders of tho chairman. The 
administration of the Corporation is carried on at three 
levels lloadquar t ors, Divisionn, and FJopotn. Tho managomont 
of the BSRTC, from its very beginning, tried to bring 
efficiency in the Corporation by appointment of various 
committees in different spheres. It also operated services 
for the welfare of the people of Bihar. 
The number of employees in the BSRTC during 1959-60 
were 3433. It increased to 7,824 during 1970-71, 13003 
during 1980-81 and 12,400 during 1985-86. At present the 
number of employees are more than 15,000. Since 1959-60 we 
see that the number of employees increased year after year 
and loss of the Corporation also increased day by day. 
The personnel policies and practices obtaining in 
the BSRTC are not fully geared to the efficient use of the 
work force. There appears to be lacunae on various counts 
in the policy of recruitment, selection, appointment and 
training of personnel in the BSRTC. 
The UPSRTC: 
Personnel performance of the UPSRTC is better than 
the BSRTC in all respects. In the previous chapter it was 
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mentioned that the UPSRTC has a minimum 5 and a maximum 17 
directors which has been constituted recently. The ratio of 
appointing them between state and centre is 1/3 and 2/3. To 
manage the corporation in a better way, it has been divided 
into 4 zones, 18 regions, and 105 depots. For facilities of 
employees there are some training institutions also. During 
1985-86 there wore 47,668 omployoos which incronsod to 
49,564 during 1986-87, 52,179 during 1987-88, 54,542 during 
1988-89, 58,541 during 1989-90, 58,412 during 1992-93. At 
present there are approximately 59,000 employees. The 
UPSRTC is trying to undertake new routes and try to operate 
in the non profitable areas. The number of employees of the 
UPSRTC are thus 5 times more than the BSRTC. It clearly 
shows that the UPSRTC has better personnel performance. 
Doctors are available to check eyes of the drivers every 
year. This is not available to the BSRTC and if this 
facility is available, it is not there in a responsible 
way. It is clear that the policies and practices of 
personnel management followed in the UPSRTC are a bit 
better than the same in the BSRTC. This is so on ^rarious 
counts i.e. selection, recruitment, induction and training 
etc. 
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FINANCIAL PERFORMANCE: 
The BSRTC: 
Before the financial performance of the Corporation 
is examined it is necessary to have a look at the financial 
provisions in the Road Transport Corporation Act, 1950. 
Under the Act, the finances of the BSRTC are to be provided 
by the Central and the State Government. The terms and 
conditions of providing such capital are also determined by 
the stci'to government with the previous approval of tho 
Central Government. Under the provision of the Act the 
BSRTC may raise the required capital by issue of shares, if 
authorised by the State Government. 
The financial performance and success of the Road 
Transport Corporations largely depend on their capital 
structure. The road vehicles, plant and machinery, building 
for garages and offices are essential for smooth operation 
of the Road Transport Corporation. Their annual revenues 
also depend on the structure of thier capital assets. 
The larger the fleet strength of a corporation, the greater 
the prospects of its revenue. 
The capital investment of the state government by 
way of transfer of assets and liabilities to the 
corporation had been assessed to Rs. 2,22,59400 as on the 
date of formation of the corporation i.e. on 1st May 1959, 
by joint evaluation committee consisting of representatives 
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of the State Government, the Union Government and the 
General manager of the Corporation. The opening balance of 
the Capital Assets transferred to the corporation as on 1st 
May, 1959 was Rs. 1,89,97,370. During 1959-60 the 
contribution from state government was Rs. 4,88,000 and 
contribution from Railways was Rs 30,00,000. In 1960-61 the 
contribution from state was Rs. 28,00,000 and Railway was 
Rs 49,78,000. In 1966-67 contribution from State and 
Railway were Rs 44,00,000 and Rs 11,66,000 respectively. 
During 1978-79 contributions of state and Railway were 
Rs 3,18,00,000 and Rs 1,35,50,000 respectively. The total 
capital contributed by the Central Government, Railways, 
and the Strte Government, till 31.3.1982 was Rs. 
32,2781,350. The total capital contribution by the central 
government ana the state government till 31.3.1983 rose to 
Rs. 34,92,06,350, The amount of capital received by the 
BSRTC during 1986-87 were 10 lacks by State Government and 
464 lacks by Central Government. 
The total amount of eighth plan during 1990-95 
available for Road Transport was Rs 6965 lacks. During, 
1990-91 the amount to purchase new vehicles was Rs 690 
lacks. For purchase of departmental vehicles it was Rs 60 
lacks, the amount for workshop building was 155 lacks, for 
machine and tools Rs 525 larks. Total available amount for 
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renovation was Rs 700 lacks. The available amount in eighth 
plan for road safety measures, pollution control measures 
and transport nagar complex was Rs 200 lacks. 
Income of the BSRTC in 1956-61 was Rs 121 lacks and 
expenditure Rs 30 lacks. During 1974-78 income was Rs 1197 
lacks and expenditure was Rs 797 lacks. Income during 
1985-90 was Rs 2500, lacks and expenditure was Rs 3298 
lacks. We see that, during 1956-61 there was profit but 
subsequently profit started decreasing and expenditure 
started increasing. 
It is clear from the above discussion that the 
BSRTC got contribution from State Government, Central 
Government, Market borrowings, IDBI loan from time to time. 
Lack of proper management of funds and carelessness of top 
level and bottom level management, interference of 
Politicians and dissatisfaction of employees from their job 
deteriorated the condition of the BSRTC. On the whole the 
financial performance of tlio corporation can be treated as 
poor. 
The UPSRTC: 
The contribution of central government to the 
UPSRTC was Rs 325 lacks during 1980-81. In 1981-82, RB . 
195.700 lacks, 1982-83, Rs. 327.710 lacks. In 1983-84, 
Rs.102.590 lacks, Rs 356.500 lacks, during 1984-85, Rs 
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832.500 lacks, during 1985-86, Rs 695.815 lacks, during 
1986-87, Rs 54.185 lacks during 1987-88, Rs 1725.600 lacks 
during 1988-89, Rs 474.400 lackfl, during 1989-90 and since 
1990-91 to 1991-92 tho Central GovernmGnt did not 
contribute to the UPSRTC. Income during 1972-73, 1973-74, 
and 1980-81 were Rs 28.21 crores, 35.02 crores, Rs 92.63 
crores respectively. Income in 1991-92 was Rs 349.53 
crores. Expenditure during 1991-92 was 382.96 crores. It 
means that the expenditure was more than income during 
1991-92. There was loss of Rs 43 crores during 1991-92. 
During 1992-93 there was a heavy loss to the UPSRTC.lt is 
clonr that the UPSRTC sufforR loBsos every yonr but tho 
reason why this is so are varied. They are the running of 
buses hilly areas, city night services of the corporation, 
issue of free pases to the corporation employees, issue of 
free pases to the employees, freedom fighters, MP, MLAs 
etc. Then the basis motive behind the corporation is to 
provide service rather than to earn profit. 
In spite of all thesf the financial condition of the 
UPSRTC is better than that of the BSRTC. The BSRTC is bound 
to take loan from different sources but the UPSRTC manage, 
its affairs from ploughing back of capital and better 
management of capital. But if wo compare the performance of 
the UPSRTC with Maharashtra SRTC and Karnataka SRTC. The 
financial condition of UPSRTC will appear to be below 
standard. 
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TRAFFIC PERFORMANCE: 
The BSRTC: 
The average number of vehicles held by the BSRTC 
was 1622 during 1985-86 and 1576 during 1988-89. The number 
of buses available per thousand population was 0.02 during 
1985-86 and 1988-89. Fleet utilisation percentage of the 
BSRTC was 47.0 during 1985-86 and 59.0 during 1988-89. 
Vehicles productivity was 79.7 during 1985-86 and 120.0 
during 1988-89. Load factor percentage was 56.6 during 
1985-86 and 63.0 during 1988-89. During 1959-60, 80 
vehicles were added to the BSRTC and it increased year 
after year. The addition of vehicles during 1987-88 was 226 
and 1988-89 was 189. In fourth plan 1040 vehicles were 
added to the UPSRTC which were maximum among all plans. 
On 1st April 199.1 , there were 826 vehicles 
belonging to the corporation. Vehicles on Road were 680 and 
vehicles off road were 146. The number of vehicles in case 
of the UPSRTC is more than this number in BSRTC. 
The UPSRTC 
The average number of vehicles were 7036 during 
1985-86 and 7545 during 19RR-R9. Number of buses availabLe 
per thousand of population was 0.06 during 1985-86 and 0.07 
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during 1988-89. Fleet u^^^i^c^tion percentage was 76.0 
during 1985-86 and 88.5 during 1988-89. Vehicle 
productivity was 161.0 during 1985-86 and 220.1 during 
1988-89. Load factor percentage was 71.0 during 1985-86 and 
64.0 during 1988-89. The number of vehicles during 1972-73 
were 4582 which increased to 4623 during 1973-74, 4840 
during 1974-75, 4919 during 1975-76, 7987 during 1989-90, 
and 8083 during 1991-92. we see that the number of 
vehicles in the UPSRTC increased year after year. 
From the above discussion we find that the number 
of vehicles in the UPSRTC are five times more than the 
BSRTC. the number of buses available per thousand 
population of the BSRTC wore 0.02 and the UPSRTC 0.07 
during 1988-89. Fleet utilisation percent of the BSRTC 
during 1988-89 was 59.0 and the UPSRTC was 88.5. Vehicles 
productivity of the BSRTC was 120 during 1988-89 and 220.1 
of the UPSRTC during the same period. Load factor 
percentage of the BSRTC was 63.0 during 1988-89 and 64.0 of 
the UPSRTC during the same period. So, the UPSRTC is far 
better than the BSRTC in many aspects. 
MAINTENANCE OF BUSES: 
While going through the maintenance of the buses by 
BSRTC, it is found that buses are maintained by various 
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zones and depots. There are workshops in different zones 
where buses are repaired. At present many buses are lying 
in different workshops of the BSRTC which need minor 
repairs. Those buses whicli need minor repair are being 
auctioned at a low price which is great loss to the BSRTC. 
The taking over of traffic of government buses by 
the private bus owners is a dangerous propostion which 
makes the BSRTC a miserable loser. Though travel by the 
BSRTC buses is still regarded, safe, comfortable, and risk 
free. Yet the passengers opt for private buses on account 
of low fares, frequency of service, personnel consideration 
etc. 
Trained drivers are appointed to ply buses of the 
BSRTC but now deteriorated condition of the BSRTC has made 
such a condition that, passengers like to travel with the 
comfort services of private buses. It is a fact that, at 
Hearding Park Patna there is private bus stand and very 
near to Patna Jn. there is the BSRTC depot. Lesser number 
of buses are found standing at depot and atleast 150, buses 
for different places are fnnnd standing r\\r Honrding Pnrk. 
This has also been observed that buses that once get broken 
down take longer to be repaired and again put to use. 
Neglegence on numerous points is the basic cause of the 
down fall of the BSRTC and its performance. 
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In the case of the UPSRTC the working condition is 
different. There are driver training institutes, 
workshops, chesis fitting and body is also made at Kanpur. 
Buses are available for long route, the UPSRTC buses ply 
for Delhi, Gorakhpur, Azamgarh, Patna, Raxol, and to various 
hilly regions and mountainous areas etc. City service is 
also there. Special operation of the UPSRTC is made during 
fair time at Mathura, Haridwar, Varanasi etc. The UPSRTC is 
better than the BSRTC in all respect^ but it is still 
behind many advanced undertakings of this country. 
FUEL PERFORMANCE: 
The performance levels of the SRTUS shows wide 
variations. For instance, fuol efficiency measured in terms 
of KMPL in one SRTU is abovo 5. But there are quite a few 
SRTUs where KMPL has remained below 4. The implications of 
this low KMPL are indeed enormous. When fuel performance 
becomes 4.5 KMPL, it saves 40 Lack litres of HSD worth 
Rs.2.5 crore. In a year it can save 10 crores. In case of 
the BSRTC fuel performance is 3.60 KMPL. While the UPSRTC 
has fuel performance of 4.20 KMPL. 
MANAGERIAL PERFORMANCE: 
Managerial performanco of the BSRTC is much lower 
than the UPSRTC because the BSRTC has smaller number of 
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bunoH thnn fchn UPSRTC. Evon hhon many bunen of the BSRTC 
are lyinq at different workshops. Passenger take over is 
general phenomena by the private bus owners but still the 
management of the BSRTC is not stri cting the employees of 
buses. Interference of politicians ]s also responsible for 
the bad condition of the BSRTC but top level management is 
not taking step for improving the managerial efficiency. No 
doubt politicians hold top managerial post and play 
political role which decreases the standard of the working 
of the BSRTC. Administrative officers are most suitable for 
management of the BSRTC and they should be entrusted the 
work of managing of the corporation. 
En the case of the UPSRTC, the condition of 
managent is similar to BSRTC. There is Board of director 
and managerial authorities who manage the affairs of the 
UPSRTC. when I compare the management of the BSRTC with the 
UPSRTC, I find that, there are lesser number of buses lying 
in different workshops and the UPSRTC buses are still 
better than the private vehicle owners in all respects and 
Government buses are dominant in the state of U.P. 
Passengers happily travel for long distance. Buses are 
plying in better way and are in healthy condition than the 
BSRTC. As a whole it can bo concluded that the UPSRTC is 
far better than the BSRTC. 
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It has also been observed that in the state of 
Bihar there are many bridges which were built during 
British period. Now those bridges donot fulfil the present 
condition of travel. At present traffics of different types 
have increased which are unable to cross bridges in minimum 
time. In the case of Samastipur, the bridge at Budhi Gandak 
River presents an ugly scene during day time between loam 
to 4 pm. Some time traffics stop or slowly move for 
crossing bridge and it results in waste of fuel( as well as 
precious time of persons. There is an urgent need to make 
the bridge road etc. wide to fulfil the need of today. This 
condition is not only in Bihar but in Up too. The same is 
the condition in Azamgarh si do or in the dintvict of Doorln 
where there is need of proper care of government to update 
the condition of the bridges, roads etc. The roads which 
connect cities to villages, villages to other remote areas 
are poorer. There is an urgent need to construct or repair 
roads in thcise areas particular in the stafe of Bihar. 
To conclude, it may be pointi?ribV/'that to make the 
road transport a practical proposition it is necessary that 
the personnel performance, financial performance, traffic 
performance, fuel performance, managerial performance etc. 
of UPSRTC and BSARTC are upgraded. It can be concluded that 
the Government of the UP in general and Bihar Government in 
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particular should pay some attention for development of 
roads and traffics condition as without good transport 
infrastructure development is not possible. We should 
Imitate the cases of advanced nations like the USA, FRANCE, 
GERMANY, the UK etc. where transportation has been given 
much weightago and ruling class always remain alert to 
watch out the condition of transport. They think that it is 
transport which connects distant places, provides 
facilities of distribution of goods and passengers, 
connects city to city, industrial towns to industrial units 
and helps to reduce disparities of nation. 
It is now clear that road transport has brought 
drastic changes in our IndLnn Society to provide city to 
city service, service from Airport to Railway Station, 
village to city, Industrial towns to consumption centres, 
city to sea port etc. Government of both the states (Bihar 
and UP) should follow the pattern of Maharashtra STC and 
Karnataka STC and should watch out that as to why these 
transport undertakings are better than theirs. A number of 
suggestions can be given to stream line the working of the 
BSRTC and the UPSRTC on sound lines. 
1. By applying sound management 
2. Utilisation of fund in proper way 
3. Quick repair of those vehicles which get minor 
defect. 
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4. By applying employen motivation techniques 
5. Management information system should play dominant 
role for utilisation of fund. 
6. By reduction of accidents 
7. By repair of bad ronds and bridges 
8. By controlling fuel expense, KMPL 
9. By providing safe, comfortable and risk free 
joruney. 
10. By managing the corporation by administrative 
officers and not by politicians etc. 
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QUESTIONNAIRE 
(a) GENERAL INFORMATION RELATING TO CORPORATION: 
1. Name of the; corporation. 
2. Location of the corporation. 
3. Form of organisation 
(a) Sole Proprietership 
(b) Partnership 
(c) Private Limited Company 
(d) Public Limited Company 
(e) Cooperative Society 
4. What is the cause of down fall of the corporation? 
5. Whey this corporation is much behind than other 
corporations in different states? 
6. Why number of vehicles decreased year after year since 
1953? 
7. What is the cause of consumers dissatisfaction? 
(b) MOTIVATING AND FACILITATING FACTORS: 
8. Which of the following condition influenced in starting the 
corporation? (Please rank them) 
(a) To develop the state 
(b) To provide service to consumers 
(c) To earn more money 
(d) To reduce disparties of the state 
(e) To speed up the economy of the state 
9. Do you face problems now adays? If yes, what are those 
problems? 
2on 
10. Why this corpcirntlon hns pocir porformnnco than private 
vp/v'icle owners? 
11. Do you face competition from Railways? 
(a) Yes 
(b) No 
12. What is the cause of employees dissatisfaction? 
(c) FINANCIAL STRUCTURE OF THE CORPORATION: 
13. How do you get your working capital? 
Banks/Other institutions/Government 
14. Which of the financial institutions helped to start the 
corporation? 
(a) Market borrowings 
(b) IDBI 
(c) Banks 
(d) Government 
(e) Railways 
(f) Others 
15. How much loan does the corporation receive from state 
Government? 
(a) Less than 50 lacks? 
(b) More than one crore 
(c) More than 20 lacks 
(d) Between 50 lacks and one crore. 
16. How much loan does the corporation receive from Central 
Government? 
(a) more than one crore, (b) Between one to ten crores 
(c) below one crore (d) above twenty crores 
2U7 
17. Does the corporation receive money every year from the 
central Government? 
(a) yes 
(b) No 
18. Does the corporation receive money every year from the 
state Government? 
(a) yes 
(b) No 
19. Are financial institutions effective to contribute the 
corporation? 
(a) Yes 
(b) No 
20. Was the loan made available to the corporation in time? 
21. What is the attitude of financial institutions? 
(Give details) 
22. Has the corporation all the funds which are need of today? 
23. Give details regarding existing financial problems? 
24. Does the corporation face problems? It yes, what are those? 
(d) GOVERNMENT POLICY 
25. What do you think about the role of Government (State and 
Central) for promotion of the corporation? 
26. Details regarding facilities, incentives, subsidies etc. 
from the government promotional agencies. 
Kind of help Amount name of the Agency Year 
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27. Do you think that the Government officials are anX-'/ous to 
promote the growth of the corporation? 
28. What are your suggestions for the development of the 
corporation in this state? 
29. Any thing special you want to mention? please give details. 
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thiocyanate, ammonia-lithmm nitrate snd lithium bromide-water vapour absorption systems has been 
earned out A comparative study between the four systems and the percentage increase in cost of the three 
ammonia systems from that of the hthiuni bromide-water system has been done The optimum generator 
temperatures have been exhibited grappically for a wide range of operating conditions The corresponding 
optimum values of the COP's have be^n also presented graphically for all the four systems Multipliers 
for each of the absorption systems haVe been obtained for evaporator temperatures other than 5°C The 
enthalpy and equilibrium pressure eqiJations for the ammonia-water system have been also presented 
Ammonia-water Ammonia-sodium thiocyanate Ammonia-lithium nitrate 
Biogas Generator temperature Optl^'zation 
Lithium bromide-water 
NOMENCLATURE 
C, = Capital cost of biogas pilant (rupees) 
Cj = Yearly cost of biogas plant (rupees/y) 
Cj = Total yearly running cost of biogaS (rupees/yr) 
h = Specific enthalpy (kJ/kgl 
m = Mass flow rate/TR (kg/li) 
P = Pressure (bar) 
^ j = Refrigeration effect (kj/h) 
^g = Heat transfer to generator (kJ/h) 
2gas = Heating value of biogas (kJ/m') 
t = Temperature (°C) 
/j„ = Optimum generator temperature {°C) 
T = Temperature (K) 
TV = Throttle value 
V = Volume of biogas (m'/day) 
X = Concentration of ammonia per kg of solution of 
NH3-H2O, NHj-NaSCN or NHj-LiNOa/con-
centration of lithium bromide (%) lO LiBr-HjO 
solution 
£i^  e2 = Precooler and preheatei effectiveness, respect-
ively 
COP = Coefficient of performance of absorption system 
TR = Tonnage of refrigeration ( = 3 5 kW) 
Subscripts 
a = Absorber side 
c = Condenser side 
e = Evaporator side 
g = Generator side 
Superscripts 
1 = Liquid 
g = Gas 
sup = Superheated 
INTRODUCTION 
It has become an interesting issue of researchers, 
especially those interested in solar energXi biomass 
energy, wind energy, waste heat recovery, etc, to 
re-examine the potentiality of vapour absorption 
cycles, which utilize low grade thermal energy More-
over, with the increasing cost of conventional energy, 
vapour absorption systems may become more and 
more competitive with presently available systems 
The choice of the refrigeration system depends 
upon the requirement and the operating conditions 
The performance of any system, in terms of economy, 
is one of the crucial problems of the present world 
Four commonly used vapour absorption systems 
have been selected for their economic analysis The 
refrigerant-absorbent combinations under study are 
shown in Table 1 
The objective of the present work is to optimize 
the generator temperature of the four vapour absorp-
tion systems using biogas as a source of energy 
Optimization of the NH3-H2O system has been 
done using the solar flat plate collector of Prasad 
and Gupta [1] The LiBr-HjO system has been 
optimized [2], using solar energy, with respect to the 
maximum COP Optimization of the generator tem-
perature of LiBr-HjO, using biogas as a source of 
energy, in terms of economy, has been presented by 
%iid!ii{ii, 1'. •a', ^ p, TV/t 7r.^ '=a•?^  ^wtn^ -ft -MI v^id&Rni 
of the latter work for the three ammonia absorption 
systems and then is compared with the LiBr-HjO 
system 
Table 1 Refngerant-absorbent combinaUons examined 
S No Refngerant Absorbent 
Ammonia (NH,) 
Ammonia 
Ammonia 
Water (HjO) 
Water 
Sodium thiocyanate (NaSCN) 
Lithium nitrate (L1NO3) 
Lithium bromide (LiBr) 
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mil Jiiii 
Condenser 
Precooler —i 
Evaporator 
TTTTT 
Generator 
¥ 7 
Preheoter 
TV2 
6' 
Absorber 
TTTTT 
% 2 
J\ Pump 
Fig 1 Vapour absorption refrigeration cycle TV = throttle valve, Q = heat transfer rate 
Since the operating pressure of the ammonia ab-
sorption system is about 99% more than that of 
the LiBr-HjO system, the condenser temperature is 
chosen as the system variable The performance of 
the condenser depends upon the atmosphenc tem-
perature to which the heat is to be rejected In this 
work of optimization, the generator temperature t^ is 
vaned keeping the condenser temperature t^ and the 
evaporator temperature t^ constant It is observed by 
Siddiqui et al [3] that there is no effect on the 
optimum generator temperature of the system if it 
operates with or without a precooler, except that the 
one with the precooler is more economical For this 
reason, the analysis here has been carried out for a 
fixed value of the effectiveness of both the precooler 
and the preheater (i e £,=£2 = 0 75) 
The yearly running and capital cost-volume re-
lationship of Siddiqui et al [3] have been coupled to 
give the total cost of bicgas per year in terms of 
capital cost and the volume of biogas Standard size 
biogas plants at fixed rates are constructed with 
government aid in most parts of the world The 
analyses have been done for the four vapour absorp-
tion systems per tonnage of refngeration (TR) The 
percentage variation in cost of the ammonia absorp-
tion systems from that of the LiBr-HjO system has 
been also presented 
SYSTEM DESCRIPTION 
The vapour absorption refrigeration system, hav-
ing different components and state points, is shown 
in Fig 1 The absorbent-refrigerant solution is 
pumped to the generator via the preheater to reduce 
the heat transfer rate ^g to the generator The 
solution is heated in the generator using biogas 
energy The affinity of the absorbent-refngerant pair 
IS reduced at an elevated temperature and a part of 
the refrigerant vapourizes and condenses in the con-
denser The condensate, after getting subcooled in the 
precooler, is throttled through TVl to the evapo-
rator The refngerant vapounzes in the evaporator, 
and thus, cooling is produced The subcooling in the 
precooler improves the performance of the system 
The remaining solution mixture (weak in refngerant) 
from the generator is separated and brought to the 
absorber through the preheater and throttle valve 
TV2 The solution in the absorber, maintained at a 
low temperature and pressure, absorbs the refngerant 
vapour from the evaporator, and thus, the cycle is 
complete 
SYSTEM MODELLING 
The mass and energy balances to each component 
as a control volume lead to the following relations 
w, = W7-|-m3 (1) 
miXi = mTX-i-\-m^x^ (2) 
fn\ = mi{x^-x^)|(x^-x^) (3) 
m^ = m^(x^-x^)|{x^-x^) (4) 
Q, = m,{h,-h,) (5) 
^i = m,{h,-h^) + m,{h^-h:,) (6) 
m, = m,= \2,(,mi(h,-h,) (7) 
C0P=(5e/^g (8) 
In the absorption systems using ammonia as a refng-
erant. It is assumed (for simplicity) that pure ammo-
nia is going to the condenser (1 e x-^=\) In the 
lithium bromide-water system, pure water vapour 
passes mto the condenser, hence, the concentration of 
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Table 2 Constants for the saturated enthalpy equations 
''o 
" l 
"2 
"> 
0,1 
a. 
"t 
Ao 
Ai 
A, 
by 
*4 
*5 
*6 
*7 
Ammonia 
-1492.106379 
7 979672715 
- 1 584957 £ - 2 
2 357889 £ - 5 
1 938836 £ - 1 
- 1 832123 £ - 6 
- 4 , 3 7 0 7 2 2 £ - 6 
941 9741592 
1 793463444 
2 438453 £ - 4 
5 887041 £ - 7 
- 3 894205 £ + 26 
-1618514£ + 8 
- 5 123027 £ - 2 
- 5 946927 £ + 24 
Water 
-1296 803487 
5 6052326 
- 4 3 6 8 2 1 0 7 £ - 3 
44796158 £ - 6 
012685805 
- 3 8716726£-7 
- 2 3459764£-6 
1995 675063 
I 854864237 
- 1 1 9 4 2 6 9 £ - 4 
3 002761 £ - 7 
- 2 566671 £ + 28 
-5.850564£ + 8 
9 858336 £ - 2 
0.0 
c„ 
c, 
C j 
C j 
c. 
Q 
Q 
c, 
Q 
c, 
^10 
NH3-H2O mixture 
- 2 258462£ + 3 
7 884209 £ + 5 
- 1 239222 £ + 8 
1 197489£ + 3 
4 686089 £ - 2 
- 9 412826£ + 5 
1 797014£ + 8 
- 3 701820£ + 2 
2 935257 £ - 3 
5 357491 £ + 5 
- 1 122989£ + 8 
LiBr on the refrigerant side is zero (i.e. Xj = 0). The 
assumption of mass transfer equilibrium implies: 
P, = P, and P, = P,. 
These pressures relate the refrigerant temperature to 
the solution temperature and concentration. Also, the 
condenser temperature t^ is kept equal to the absorber 
temperature t^. 
THERMODYNAMIC PROPERTIES 
Enthalpy 
The equations for enthalpy in terms of temperature 
and concentration for LiBr-HjO are taken from 
ASHRAE[4], and for NHj-NaSCN and NH3-
LiN03 from Ferreira [5]. The enthalpy equations for 
pure ammonia, pure water and NH3-H2O mixture 
have been obtained using the procedure given in 
Ziegler and Trepp [6] as follows: 
Saturated enthalpy 
The reference states of zero enthalpy are taken as 
0°C for saturated ammonia as well as for saturated 
water. 
Pure components 
h^ = aa+aJ + a2T^ + a^T^ 
+ (a, + a,T)P+a,P' (9) 
h'^b. + bJ + bJ' + b.P 
+ {b, + b,/T + b^/P')P + b^P'|P\ (10) 
Ammonia-water mixture 
A' = ( i - x ) H , o + /^'NH3 + ((Co + Q / r + Q/r^) 
+ (C3 + QP + Cs/T + CJP) • (2x - 1) 
+ {Cj+QP + C,IT + CJT') 
x{2x-\y)-x{\-x) (11) 
where a„ b, and c, are constants, given in Table 2. 
Superheated enthalpy 
The superheated enthalpy for pure water vapour 
is taken from Siddiqui et al. [3], as given in the 
Appendix. The superheated enthalpy data for pure 
ammonia vapour from Arora [7] have been correlated 
as: 
/!?Jfi, = 2.3678756 t^ - 0.72779902 ;, 
+ 1379.8894. (12) 
Equilibrium pressure 
The equilibrium pressure equations for the LiBr-
HjO solution and pure water have been taken from 
ASHRAE [4]. The equilibrium pressure equations for 
the NH4-NaSCN and NH3-LiN03 solutions and 
pure ammonia are taken from Ferreira [5]. Experi-
mental equlibrium pressure data for the NH3-H2O 
solution from Perry and Chilton [8] have been related 
as: 
P = exp[l 1.289381 + 0.58506864x - (2864.7202 
+ 1576.0613(1 - xf)l{t + 273.16)]bar (13) 
in the range 
0 .2^x^1.0 and 0°C ^  ? :^  120°C. 
OPTIMIZATION 
The objective is to minimize the operating cost of 
each of the four vapour absorption systems and 
compare them. The operating generator temperature 
should be such that the volume of biogas required to 
run the system is a minimum. The volume of biogas 
per tonnage of refrigeration (TR) is expressed in 
terms of the COP of the system and the heating value 
of the biogas in Siddiqui et al. [3], as given in the 
Appendix. 
The cost-volume relationship from Siddiqui et 
al. [3] is also given in the Appendix. Using the present 
worth method (assuming the life of the biogas plant 
as 15 years and the interest rate on the investment as 
10%), the total yearly cost in terms of capital cost 
and volume of the biogas plant may be written as: 
CT = C, (6.667 + 7.687 K-°") X 10-^ (14) 
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Fig 2 Variation m biogas volume with generator temperature (7"^ ) for different condensing temperature 
(T^) and absorption systems (evaporator temperature T^ = 5°C) 
Thus, Q will be a minimum if the minimum 
volume of biogas is used The optimum value corre-
sponding to the minimum volume of biogas for each 
system is computed iteratively 
RESULTS AND DISCUSSION 
The generator temperature was varied for a set of 
condenser temperature and evaporator temperature, 
and the corresponding values of the COP of the 
system and the heating values of biogas (2gas) were 
calculated Hence, the volume of biogas per TR for 
each value of COP and 2gas where known The 
volume of biogas is plotted against the generator 
temperature for a set of operating vanables as shown 
in Fig 2 The analyses have been earned out for 
condenser temperatures t^ = 30, 35, 40 and 45°C at a 
fixed evaporator temperature t^ = 5°C The same has 
been repeated for the four absorption cycles 
(i) Variation in volume of biogas with the con-
denser temperature 
Figure 2 shows that the systems operating at higher 
condenser temperatures require a larger volume of 
biogas and are hence, costlier 
(ii) Vanation in volume of biogas with the absorp-
tion system 
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Table 3 Percentage increase in cost of ammonia systems from that systems, using ammonia as a refrigerant, from that 
of LiBr-HjO system 
System l^ 
CO 
30 
35 
40 
45 
NHj-HjO 
(%) 
8 89 
11 13 
1344 
16 27 
NH 3-N.iSCN 
(%) 
6 13 
7 19 
8 ' 7 
10 0 
NH3-L1NO3 
(%) 
5 67 
7 47 
8 96 
10 66 
of the LiBr-HjO system is given in Table 3 
(ill) Variation in /g„ with 4 
The optimum generator temperature t^^, corre-
sponding to the minimum volume of biogas, in the 
case of all four systems, is higher at higher condens-
ing temperatures 4 
From the same Fig 2, it can be seen that the 
NH3-H2O system uses the largest volume of biogas 
and IS hence costlier than the other three systems 
The NHj-NaSCN system is cheaper than the NHj-
L1NO3 system at higher condensing temperatures 
The LiBr-HjO system, using the least volume of 
biogas, is cheaper than all the other systems The 
(iv) Variation in tg^ with the system 
The ?g„ of NH3-HJO IS less than that of 
NHj-NaSCN and greater than that of LiBr-HjO, 
whereas, the <g„ of NH3-L1NO3 is less than the t^^ 
of LiBr-HjO 
(v) The multipliers for each system, shown in 
percentage increase in cost of operating the three Fig 3, can be used to find the respective optimum 
1 2 
1 1 
1 0 
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Fig 4 Variation of optimum COP with evaporator temperature (TJ for different condensing temperatures 
(T )^ and absorption systems 
generator temperatures /g„ for evaporator tempera-
tures other than 5°C 10 do this, one should find the 
value of /go from Fig 2 for a set of operating 
temperatures and the system in use at t^ = 5°C This 
value of /go IS then multiplied by the multiplier to get 
the required value 
(vi) Variation in optimum COP with t^ 
The variation in the optimum value of COP, 
corresponding to the minimum volume of biogas and 
/go, are plotted against the evaporator temperature /^  
for a set of condensing temperatures as shown in 
Fig 4 It IS evident from Fig 4 that the variation m 
the optimum COP with /, is linear The LiBr-HjO 
system shows a better performance than the 
NHj-NaSCN and NH3-L1NO3 systems, whereas. 
that of the NH3-H2O system is very poor No 
significant variation is seen between NHj-NaSCN 
and NH3-L1NO3 
CONCLUSION 
(1) For evaporator temperatures /, > 0°C, the 
LiBr-HjO system is the best It is one of the cheapest 
and gives an excellent performance in contrast to the 
other absorption systems 
(2) For /, :$ 0°C, the NHj-NaSCN system is eco-
nomical to operate at condenser temperatures 
f, > 30°C, whereas, NH3-L1NO3 is economical at 
t, < 30°C 
(3) Analysis shows that the NH3-H2O system is 
~8-16% costlier than the LiBr-H^O system The use 
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of a rectifier and an analyser in the NH3-H2O system 
would add more to its operating cost The poor 
performance of the NH3-H2O is another drawback 
(4) The multipliers provided for temperatures other 
than 5°C would enable designers to find the optimum 
generator temperature for a wide range of operating 
conditions 
(5) Equation (14) may be used, in the long term, to 
find the total cost of biogas per year if the capital cost 
for a given volume of biogas plant is known 
APPENDIX 
(I) Enthalpy of superheated water vapour 
h'S^o = 1 925 /g - 0 126 /, + 2500 
(II) Volume of biogas per TR 
K = 211680/CO.P gg., 
Q^,, = 17560 37152 - 12 64482465((, + 50) 
- 1 7546455 E - 3(/, + 50)^  
(ill) Cost-volume relationship of biogas plant 
C| = 1597 48672 K''"**''^ *' 
C, = 220 1583947 K''""*^^' 
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COEFFICIENTS OF FOUR BIOGAS POWERED 
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Abstract—The optimum cooling, heating and component coefficients of performance of biogas powered 
hthium bromide-water hthium mtrate-ammonia, sodium thiocyanate-ammonia and water-ammonia 
absorption cycles have been obtained, corresponding to the minimum volume of biogas required These 
optimum values have b^n exhibited graphically for a wide range of operations and are found to be hnear 
in nature The study has been divided in two parts air conditioning mode—for the four absorption cycles 
and refngeration mode—for the three ammonia absorption cycles The optimum generator temperatures 
for a wide range of operations have also been presented graphically 
Optimum Coohng coefficient Heating coefficient Components coefficient Performance 
Economic 
NOMENCLATURE 
ACP = Absorber coefficient of performance 
CCP = Condenser coefficient of performance 
COP = Caoling coefficient of performance 
HCP = Heating coefficient of performance 
C, = Capital costs of biogas plant (rupees) 
Cy — Total yearly cost of biogas (rupees) 
h = Specific enthalpy (kj/kg) 
m = Mass flow rate/TR (kg/h) 
^j = Heat released by absorber (kJ/ton-h) 
^j = Heat released by condenser (kJ/ton-h) 
d, = Cooling effect produced by evaporator (kJ/ton-h) 
2g = Heat required in generator (kJ/lon-h) 
Qj,, = Heat value of biogas (kJ/m') 
t = Temperature (°C) 
T = Temperature (K) 
TR = Tonnage of refrigeration (= 12,600 kJ/h) 
TV = Throttle valve 
V^ = Volume of biogas/TR required in cooling system (m'/day) 
Kh = Volume of biogas/TR required in heating system (m'/day) 
X = Concentration of ammonia per kg of solution in L1NO3-NH3, NaSCN-NHj or 
H2O-NH3/concentration of lithium bromide (%) in LiBr-HjO solution 
£i, (2 = Precooler and preheater effectivenesses, respectively 
Subscripts 
a = Absorber side 
c == Condenser side 
e == Evaporator side 
g -= Generator side 
INTRODUCTION 
Available thermodynamic property equations and the computer facility have enabled designers to 
examine the potential and feasibility of vapour absorption cycles before setting up a prototype 
system. A large number of solar assisted crop and fruit drying systems, refrigeration systems, air 
heaters, water heaters and greenhouses have been developed for domestic and agricultural use in 
most parts of the world. In spite of much effort being made, the costs of solar devices are still very 
high. Development of energy storage systems to overcome solar flux variations has added more 
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to the costs of solar powered systems. Economic analysis of biogas to be used in the generators 
of four absorption cycles has been presented by Siddiqui [1]. Biogas powered absorption systems 
can be conveniently used by the agro-based rural areas [2, 3] for coohng water, air conditioning 
houses and food preservation, where biogas plants are already constructed for cooking and lighting 
purposes. 
The vapour absorption cycles, along with cooling, also have a very good potential for heating, 
still utilizing a low grade thermal energy. It means, if these absorption cycles are used simul-
taneously for cooling as well as heating, they can become more economical than the systems 
operating for cooling or heating alone. Many process industries, laundries and agricultural farms 
need both cooling and heating around the year for most of the applications, as is evident from 
day-to-day life. 
This paper presents the optimum cooling and heating performance coefficients of four absorption 
cycles for a wide range of operations. The same refrigerant absorbent combinations used by 
Siddiqui [1], i.e. LiBr-HjO, H2O-NH3, LiNOj-NHj and NaSCN-NHj, have been selected for 
study, since their property equations are available in Refs [1,4,5]. Based on the same procedure 
adopted by Siddiqui [1], the optimum coefficients of performance have been determined, corre-
sponding to the optimum generator temperatures [1]. Here, the absorber, condenser, as well as the 
cooling and heating, coefficients of performance have been obtained for different condenser and 
evaporator temperatures. The optimum coefficients have also been obtained for evaporator 
temperatures below 0°C, in the case of the three ammonia absorption systems, to operate in the 
refrigeration mode 
In the present study, the condenser and the absorber temperatures are set equal because their 
heat is to be supplied to the same space to be heated. The precooler and preheater effectiveness 
are fixed and are taken to be (e, = £2 = 0.75) for the reason given in Siddiqui [1]. 
CYCLE OPERATION 
Figure 1 shows an absorption cycle having different components and state points with 
simultaneous cooling and heating arrangements. The mixture solution is pumped from the absorber 
to the generator, via the preheater, where a part of the refrigerant vaporizes and condenses in the 
condenser. The waier-ammonia system needs an analyser and a rectifier to ensure pure refrigerant 
passing in the condenser. The other three systems in the study, having solid absorbents, do not 
require any such component and, hence, they have not been shown in Fig. 1. The condensate, after 
getting subcooled in the precooler, is throttled to the evaporator where coohng is produced. The 
remaining mixture solution from the generator (weak in refrigerant) is separated and brought back 
in the absorber through the preheater and the throttle valve TV2. The absorber absorbs the 
refrigerant vapour from the evaporator, and thus, the cycle is complete. The preheater reduces the 
heat input to the generator, and the precooler enhances the cooling performance. The cooling 
produced Q^, by the evaporator, is used in the space to be cooled. The heat of condensation and 
absorption evolved in the condenser and the absorber (^^ + ^ J is used in the space to be heated. 
EvoiDorator 
5 TV, 4' 
Precooter* Condenser 
3i3 
Space to be 
coaled Biogas Generator 
Qc Space to be heated 
l< Preheater K^^^J**" 
2 P 1 
Qa 
Absorber 
Fig. }. Coohng-keatmg vapour absorption system. P = pump; TV—throttle valve; ^—heat transfer rate. 
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Thus, an absorption system with a single absorber, condenser, evaporator and generator can 
produce cooUng, as well as heating, effects with the same generator load. 
THERMODYNAMIC ANALYSIS 
The mass and energy balances for the absorber, condenser, evaporator and the generator lead 
to the following relations; 
m, = nij (X3 - Xj)l{Xi - x^) (1) 
Q, = mAh7-h,) + mUh6-h^) (2) 
^, = A«3( / '3 -M (3) 
Q, = mAh6-h,) (4) 
Q, = riiAhT-h2) + m,{h,-h^) (5) 
m, = m,= \2,600l{h,-h,) (6) 
^C? = QJQ, (7) 
ccp=ec/eg (8) 
COP = QJQ, (9) 
and 
Hcp=(e,+ec)/eg. (lo) 
Assuming, for simplicity, that pure refrigerant flows in the condenser and evaporator, the 
concentrations are (xj = x^  = 0) in the lithium bromide-water system, and (xj = X6 = 1) in the three 
ammonia systems. 
The thermodynamic properties for the LiBr-HjO solution are taken from ASHRAE[4], for 
LiNOj-NHj and NaSCN-NH, from Ferreira [5] and for HjO-NH, from Siddiqui [1]. The property 
equations used have been arranged in a simple form and converted into S.I. units wherever required 
(as given in the Appendix). 
ECONOMIC ANALYSIS 
The volume of biogas required in a cooling absorption system, presented by Siddiqui et al. [2], 
can be written as: 
n=(e,x24xo.7)/(copxe,,,) (n) 
and for a heating absorption system, the volume required can be calculated from 
n = (Qa + ^c) X 24 X 0.7/(HCP X e,,,) (12) 
where the heating value of biogas (ggaJ in terms of generator temperature {t^) is presented by 
Siddiqui et al. [2], as given in the Appendix. 
It is observed that the volume of biogas calculated from equations (U) and (12) for the same 
set of operating conditions are nearly equal to each other. Hence, for a system designed for cooling 
or heating or both heating and cooling, the volume of biogas required may be calculated from 
equation (11) with an error of about ±0.05%. The volume of biogas required in the present cooling 
cum heating system is, thus, calculated from equation (11). 
The optimum generator temperature {t^^), corresponding to the minimum volume of biogas 
required in the absorption system for a set of operating conditions, is obtained using an iterative 
method. Thus, the optimum values of COP, HCP, ACP and CCP are calcualted at t^^ for the same 
set of operating conjijtions. The analysis has been repeated for different absorption systems 
operating at different condensiig'and evaporating temperatures. 
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RESULTS AND DISCUSSION 
The optimum values of the absorber, condenser, cooHng and heating coefficients of performance 
corresponding to the optimum generator temperature at the minimum volume of biogas are 
calculated usmg equations (l)-(ll) for a set of condenser and evaporator temperatures. The 
evaporator temperature has been varied from — 25 to +15°C, in case of the three ammonia 
absorption cycles, and from 2.5 to 15°C, m case of the lithium bromide absorption cycle, for the 
condenser temperatures 25, 30, 35 and 40°C. 
Variation in components coefficient of performance with generator temperature t^ 
The variation in ACP, CCP, COP and HCP with t^ for t, = 30°C and t, = 5°C are presented 
graphically m Fig. 2, for the four absorption cycles. 
At lower generator temperatures, the coefficients of performance increase rapidly with a little 
change in l^, but becomes almost constant at higher temperatures; except for the evaporator COP 
which is poor at very high temperatures. 
The ACPs of the NASCN-NH, and HjO-NH, systems are almost the same. The CCP, COP 
and HCP plots of LiNOj and NaSCN are similar in nature, except that the NaSCN system operates 
at higher generator temperatures. 
CONDENSER,CCP 
Fig 2 Variation in components COP with generator temperature ((,) for different-absorption systems 
(r, = 30=Candf, = 5°C) _ „. j - j , , 
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Variation in optimum CCP and ACP with t. 
The optimum values of CCP and ACP for different absorption cycles are plotted and shown in 
Figs (3) and (4). The plots are almost linear in the given range, differing from one another only 
in their respective slopes. The components coefficients of performance, ACP and CCP, are highest 
in the LiBr-HjO system and lowest in the H2O-NH3 system. 
(a) Air conditioning mode (evaporator temperatures above 0°C are selected for the air 
conditioning mode) 
(1) In the NaSCN-NHj system, at higher values of t^, the condenser performances are greater 
than the absorber peiformances and become still greater at low condenser temperatures. 
(2) In H2O-NH3 and LiN03-NH3, at low condensing temperatures, the ACPs are greater than 
the CCPs, whereas the CCPs exceed the ACPs at lower evaporator temperatures. 
(3) The percentage increase in the optimum ACPs and CCPs of the LiBr-HjO system over that 
of the H2O-NH3 system are given in Table 1. It is seen that the ACPs and CCPs of the LiBr-HjO 
system are about 16-25 and 11-21%, respectively, greater than those of the H2C)-NH3 system. 
(b) Refrigeration mode 
(1) It is seen that the ACPs of LiNOj are higher than the ACPs of the NaSCN system, whereas 
the CCPs of LiN03 are lower than the CCPs of the NaSCN system. 
0.95 
0-90 
— L1NO3-NH3 
0—o NaSCN - N H 3 
- - - hjO - NH3 
Fig. 3. Variation of optimum CCP and ACP witli evaporator temperature (tj for different condensmg 
temperatures (f,) and absorption systems—air conditioning mode. 
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0 75 
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0G5 
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L1NO3-NH3 
' NaSCN-NH3 
tr =25 C 
0 60 
0 5 5 -
0 50 
-25 -20 -15 -10 
tc = ^0 C 
tpCc) 
Fig 4 Variation of CCP and ACP with evaporator temperature (rj for different condensing temperatures 
(rj and absorption systems—refngeration mode 
(2) The CCPs of NaSCN are almost equal to the ACPs of H2O-NH3 with a slight variation, 
that is, at high /, and low f,, the ACPs of H2O-NH3 are greater than the CCPs of NaSCN, whereas 
at low ?, and high t^, the ACPs of H2O-NH3 are lower than the CCPs of the NaSCN system. 
(3) The ACPs and CCPs of LiNOj (shown in Table 2) are about 6-10 and 8-10%, respectively, 
greater than those of H2O-NH3 system. 
Variation of optimum COP and HCP with t^ 
(a) Air conditioning mode 
(1) The percentage mcrease in the optimum values of the COPs and HCPs of the LiBr system 
over that of H2O-NH3 are given in Table 1. The COPs of LiBr are greater than those of H2O-NH3 
by about 26-43% and the HCPs by about 14-23%. 
Table 1 Deviation of the optimum values of 
LiBr-HjO from that of the H2O-NH, system at 
Table 2 Deviation of the optimum values of 
L1NO3-NH3 from that of the H2O-NH3 system at 
r,= -15°C 
'c 
CO 
25 
30 
35 
40 
ACP 
(%) 
16 58 
19 88 
22 57 
25 80 
CCP 
(%) 
l lh l 
14 95 
17 93 
2173 
COP 
(%) 
26 88 
3189 
37 19 
43 38 
HCP 
(%) 
14 11 
17 45 
20 31 
23 85 
'c 
(X) 
25 
30 
35 
40 
ACP 
(%) 
6 29 
7 53 
8 84 
1028 
CCP 
(%) 
8 03 
9 05 
9 87 
10 55 
COP 
(%) 
9 78 
1104 
12 41 
13 64 
HCP 
(%) 
711 
8 24 
9 30 
10 41 
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(2) The optimum COP and HCP, plotted as shown in Fig. 5, are almost similar in the case of 
the LiNOj and NaSCN systems; except at low condensing tempeatures, those of LiNO, exceed the 
optimum values of NaSCN. 
(b) Refrigeration mode 
(1) The increase in the optimum values of COP and HCP of the LiNOj system over that of 
H2O-NH3 (Table 2) are about 9-13 and 7-10%, respectively. 
(2) The COPs of LiNOj and NaSCN are nearly the same, whereas the HCPs of LiNOj are higher 
than those of NaSCN (Fig. 6). Hence, for a coohng cum heating system, LiNOj-NH, is preferable. 
Variation in tg„ with t^ 
The variation in the optimum values of the generator temperature (tg„) with t^ are plotted for 
different evaporator temperatures and absorption cycles (Fig. 7). The t^g lines are linear, having 
• — " L i B r - H j O 
L1NO3-NH3 
"—=No'5CN-NH3^» 
1,= 2 5 C ^, tj.= 30C 
07 
10 15 . -5 
te(C) 
Fig. 5. Variation of optimum COP and HCP with evaporator temperature (r,) for different condensing 
temperature (rj and absorption systems—air conditioning mode. 
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15 
13 
tc ^25 C 
L1NO3-NH3 
=—o NaSCN-NH3 
H2O - NH3 
1-COP 
2- HCP 
12 
s 
DA 
-25 -20 -15 
U 
13 
12 
tr = 30 C 
L _ 0 4 J_ 
tc = 40C 
1 2 -
0 5 -
OA-
03 
-10 -5 -25 -20 
te(C) 
-15 -10 
Fig 6 Variation of optimum COP and HCP with evaporator temperature (i^) for different condensing 
temperatures (/J and absorption systems-refrigeration mode 
almost the same slopes at the different t^. The t^^ s have been plotted for a range of evaporator 
temperatures from t^ = 2.5 to 15°C in the case of the LiBr-HjO system and from -25 to 15°C 
in the case of the three ammonia systems. 
CONCLUSIONS 
(1) A tremendous amount of heat is being released from the absorber and the condenser. The 
cost of cooling these two components will be very high if they are not utilized for heating along 
with coohng. 
(2) The heating, as well as cooling, coefficients of performance in the case of the LiBr-HjO 
system are extremely high as compared to the three ammonia absorption systems, hence, it requires 
the lowest volume of biogas. 
(3) The LiBr-HjO system would be cheap and give the highest performance for heating, as well 
as coohng, in the air conditioning mode. 
(4) In the refrigeration mode, the LiNOs-NH, system would be cheap and better. 
(5) The optimal performance coefficients presented would enable designers to know the 
performances before designing a cooling, heating or cooling cum heating system for a set of 
operating conditions. 
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L1NO3-NH3 
47 
, 0 - NH, <e = -25C. 
NaSCN- NH3 
-15C 
-25 C, 
-20y 
10/ 
25 30 35 40 
100-
80 
60 
M 
20 
LiBr-H20 
. 25 30 35 
tc (C) 
t . = 2.5 C 
AO 
Fig 7 Variation of /,„ with t^ for different absorption systems and evaporator temperatures (rj 
(6) The ?go plots can be usea to obtain the optimum generator temperature (?g) at a certain value 
of ie and r^  and, correspondingly, the heating value ((2gas) can be calculated. Knowing the optimum 
values of COP and HCP at the selected values of (e and t^ from the graphs, the volume of biogas, 
Fc and V^, can be calculated for the required cooling (^J and heating (2a + 6c) loads. 
(7) Thus, the present study would help designers to obtain the optimum values of/g, COP, HCP, 
ACP and, hence, volume and cost of biogas, at the required conditions of t^ and t^ without going 
through the cycle analysis and the computational work. 
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APPENDIX 
Heating value of iiogas 
Q^, = 17,560 37152 - 12 64482465 (/, + 50) - 1 7546455E - 3((g + 50)^  
Total yearly cost of biogas 
CT = C| (6 667 + 7 687 F""") x IQ-^  
Saturated enthalpies 
A little inconsistency in the values of Oj and b^ in the case of saturated ammonia [1] for zero enthalpy at 0°C have been 
traced, and the constants b^ and ij are misplaced The corrected forms, given below, are used in the present study 
(a) Pure components (water and ammonia) 
h' = a„ + a^T + a^T^ + OiP + (a, + aiT^)P + a^P^ 
h' = b„ + bJ + b2T' + b,P + (bJT" + bJT' + b,)P + b^P'IT" 
(b) Ammonia-vrater mixture 
/,' = (1 - X)/IH,O + '^'NH, + [(Q +C,IT + CJT') + (C, + C,P + CIT + Q / r ) 
X (2x - 1) + (C, + CgP + C.jT + C|„/r= )^ {2x - \f] x{\ ~ x) 
(C) Ammonia-lithium nitrate solution 
A' = rfo + (rf, + d^x)! + (rfj + dtx)t^ll + d^xtyS + df, (0 54 - x f + d^{x-0 54)'' 
for X < 0 54, rf, = 0 and for x > 0 54, df, = 0 
(d) Ammonia-'odium thiocyanate solution 
/!i=^i/+^j(2/2 + ^3(V3 + ^ ( l - x ) / 8 1 0 8 
3 3 3 2 
At='£.e,x',A2='^f,x',A,= Y,g,x' and A^=Y,h,x' 
J-O 1 . 1 ; = 1 1 . 0 
(e) Water-lithium bromide solution 
h' = Bi + 8^(1 + 17 778) + 8^(1 + 17 778)^  
4 4 4 
5, = ^ k,x', ^2 = X l,x' and 5, = ^ "'.x' 
1 .0 1 .0 i « 0 
Range 16 < / < 165°C and 40 ^  x :^  70% 
Equilibrium pressures 
Ammonia-lithium nitrate 
Ammonia-sodium thiocyanate 
Ammonia-water 
Pure water 
Range 0 ^ / « 110°C 
P = exp{i, + 2^(1 - xy + h + 4^(1 - xfVit + 273 16)} 
P = expjjs + S(,x + [sy + jjCl - xfyit + 273 16)} 
P=exp{5, + J,oX+[j||+J,2(l -x)']/(f+273 16)} 
log,o P = i|3 + s^Jit' + 111 16) + s,,l(t' + 273 16)^  
Table Al Constants for the saturated enthalpy equations 
"o 
") 
"2 
0} 
"4 
"s 
06 
bo 
*, 
*2 
6, 
64 
*5 
^6 
*, 
Ammonia 
-1477 925379 
7 979672715 
- 1 5?4957 E - 2 
2 357889 E - 5 
1938836 E - 1 
-1832123 E - 6 
- 4 370722 E - 6 
780 3751592 
1 7W463444 
2 438453 E - 4 
5 837041 E - 7 
- 3 894205 E + 26 
- 1 618514 E + 8 
- 5 123027 E - 2 
- 5 946927 E + 24 
Water 
-1296 803487 
5 6052326 
- 4 3682107 E - 3 
4 4796158 E - 6 
0 12685805 
- 3 8716726 E - 7 
- 2 3459764 E - 6 
1995 675063 
1 854864237 
- 1 194269 E - 4 
3 002761 E - 7 
- 2 566671 E + 28 
- 5 850564 E + 8 
9 858336 E - 2 
00 
NH. 
Co 
c, 
C2 
Cy 
C4 
Q 
Q 
c, 
Cg 
c, 
Cjo 
1-H2O mixture 
- 2 258462E + 3 
7 884209 E + 5 
-1239222E + 8 
1 197489E + 3 
4 686089 E - 2 
-9412826E + 5 
1797014E + 8 
- 3 701820E + 2 
2 935257 E - 3 
5 357491 E +5 
- 1 122989E + 8 
NH; 
do • 
d> 
di 
di 
d. 
di 
d. 
d, 
J-L1NO3 solution 
-2150 
1 15125 
3 382678 
0 2198 E - 2 
04793 E - 2 
0 1 1 8 E - 3 
1570 0 
689 0 
SIDDIQUI BIOGAS POWERED ABSORPTION SYSTEMS 49 
Table A2 Constants for the saturated enthalpy equations and equihbnum pressures 
NHj-NaSCN solution 
e, 2 4081 
e, - 2 2814 
e^ 7 9291 
e, - 3 5137 
/ , 0 0251 
/2 - 0 08 
/ j 0 0612 
g, - 0 0001 
g2 0 0003 
gj - 0 0001 
h„ 6464 0 
/!, -80,450 38 
h, 23,972 57 
Pure ammonia 
ko 
k. 
ki 
k, 
k. 
k 
h 
k 
h 
h 
mo 
m, 
m j 
W 3 
W4 
HjO-LiBr solution 
-2359 428708 
184 8797542 
- 5 48097239 
0 070466115 
- 3 2547666 E -
19 58526423 
- 1 270976992 
3 5347638 E -
- 4 3835808 E -
2 0086874 E -
- 3 6982756 E -
2 8857801 E -
- 8 1257307 E -
9 9048448 E -
- 4 4410637 E -
- 4 
- 2 
- 4 
- 6 
- 2 
- 3 
- 5 
- 7 
- 9 
•Sl 
•^ 2 
•^ 3 
•S4 
•S5 
^6 
•«7 
•Sg 
•S9 
'''10 
'Sll 
'S12 
'5l3 
•S14 
''15 
'S16 
'S17 
''is 
Equilibrium pressure 
1168483 
3 859 
-2802 0 
-4192 0 
11 12143 
- 0 298628 
-7548 65 
-2621 92 
11289381 
0 58506864 
-2864 7202 
-1576 0613 
5 050102 
-1603 540555 
-10,4095 5123 
10 65557981 
-2234 09497 
-76,156 125 
( 
" 0 
" 1 
" 2 
" 3 
""o 
w, 
W2 
Wj 
Solution-refngerant 
temperature 
- 2 00755 
016976 
- 3 133362 E - 3 
1 97668 E - 5 
160 62667 
- 1 0 73444 
0 20799 
- 1 146499 E - 3 
Solution -refrigerant temperatures 
Water-hthium bromide 
P = exp[i,s + s„l{t' + 273 16) + sj(l' + 273 16)^ ] 
t = A (r'+17 778) + B 
A = Y^ u,x' and B = X! ^i^' 
1 . 0 1=0 
Range 0 < /' ^ 110°C, 5 ^  / ^ 176°C and 45 < x ^ 70% 
Superheated enthalpy 
Pure ammonia 
Pure water 
/,^ "p = 2 3678756 L - 0 72779902 /, + 1379 8894 
/,«"P = I 925 (g-0 126?,+ 2500 0 
where /i', h^ and h^"'' are liquid, gas and superheated enthalpies, respectively (kj/kg), P = pressure in bar, t = temperature 
of refrigerant (°C), t = temperatuie of mixture solution (°C) and a,, b,, c, and d, are constants given in Table Al e„f„ 
g„ h,, k„ /,, m,, s,, u, and w, are constants given in Table A2 
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Economic biogas and cooling water rates in a lithium 
bromide-water absorption system 
M. Altamush Siddiqui 
Department of Mechanical Engineering, Aligarh Muslim University, Aligarh 202002, India 
An economic analysis of the role of biogas and cooling water in a lithium bromide-water absorption system 
has been carried out to optimize the generator, condenser and absorber temperatures at a given evaporator 
temperature and solution pumping rate The analysis has been repeated for different pumping rates (PR) to 
determine the optimum PR corresponding to the minimum over-all operating cost of the system The study 
has also been carried out for the condition when biogas m the generator and cooling water m the absorber and 
condenser are supplied at equal flow-rates It is found that the performance of the LiBr-HjO system at equal 
biogas and cooling water flow-rates is about 5 988% higher than when operated at the minimum over-all 
operating cost, the latter being cheaper by only 2 71 % For low evaporation temperatures, use of a preheater 
m a LiBr-HjO system creates a crystalhzation problem when operated at low pumping rates The study has 
therefore been extended for a system without preheater The parameters under study are illustrated 
graphically against the generator temperature Equations to obtain the corresponding optimum condenser 
and absorber temperature are given The functional relationship between crystallization limit and absorbent 
temperature has also been obtained The optimum operating parameters are presented graphically 
(Keywords: biogas; cooling water; spray pond; lithium bromide water absorption system) 
Rentabilite des debits de biogaz et d'eau de refroidissement dans 
un systeme a absorption eau-bromure de lithium 
On a effectue une analyse economique du role du biogaz et de I'eau de refroidissement dans un systeme a 
absorption eau-bromure de lithium, afin d'optimiser les temperatures du generateur, du condenseur et de 
I'absorbeur, pour une temperature donnee d'evaporation et pour un taux donne de pompage de la solution On a 
repete I'analyse pour divers taux de pompage afin de determiner le taux optimal pour le coiit global minimal de 
fonctionnement du systeme On a egalement effectue I'etude dans les conditions suwantes le biogaz dans le 
generateur et I'eau de refroidissement dans I'absorbeur et le condenseur sont abmentes aux memes debits On a 
constate que la performance du systeme eau-bromure de lithium, a des debits du biogaz et de I'eau equivalents, 
etait supeneure d'environ 5,988% a la performance du systeme mis en service pour un cout global minimal qui est 
moms cherde 2,71% seulement Pour des basses temperatures d'evaporation, I'utilisation d'unprechauffeur dans 
un systeme eau-bromure de lithium pose k probleme de la cristallisation, si le systeme fonctwnne a petits debits 
On a done etendu I'etude a un systeme sans prechauffeur On presente sous forme de graphiques les parametres 
etudies, en fonction de la temperature du generateur On donne les equations pour optimiser les temperatures 
correspondantes du c ondenseur et de I'absorbeur On a egalement obtenu la relation fonctionnelle entre la limite 
de cristallisation et la temperature de I'absorbant Les parametres optimaux de fonctionnement sont presentes 
graphiquement 
(Mots cles biogaz, eau de refroidissement, bdssin d'aspersion, systeme a absorption eau-bromure de lithium) 
A number of solar assisted and biogas powered vapour 
absorption systems have recently been proposed' *. Most 
of these are readily available, but are still unable to 
compete with conventional refrigeration systems due to 
high operating costs. Much research to economize such 
systems is required. An economic analysis of the use of 
biogas to optimize the generator temperatures m four 
vapour absorption cycles has been published by 
Siddiqui', keeping the absorber, condenser and evapor-
ator temperatures fixed. The performance of the absorber 
and the condenser generally depend on the temperature of 
the cooling medium. Hence, for a system to be 
economical, the optimum absorber and condenser 
temperatures must be known. The heat input to the 
generator through biogas or solar energy, and the 
disposal of waste heat from the absorber and condenser 
using coohng water, both account in the operating cost of 
the absorption system. 
0140-7007/91/010032-07 
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The work reported here was carried out to determine 
the optimum generator, condenser and absorber 
temperatures at a fixed evaporator temperature, 
corresponding to the minimum over-all operating cost of 
the system. As the same coohng medium is used for 
simplicity, the absorber and condenser temperatures are 
assumed to be equal (referred to as the condensing 
temperature). In the economic model presented by 
Siddiqui et al}, the optimum parameters correspond to 
the minimum volume and, hence, the minimum cost of the 
biogas required m the generator. As the volume of biogas 
required depends on the thermodynamic properties of the 
system, the optimum parameters remain the same, 
whatever code and method of estimating the cost of the 
biogas is adopted. However, when the generator and 
condensing temperatures are varied simultaneously, the 
volume of biogas and cooling water do not show any such 
minimum point as in the model given by Siddiqui et al} 
Enhance^iector refrigeration cycles powered by low grade heat Part 3 M Sokolov and D Hershgal 
HEAT SOURCE 
VAPOR GENERATOR 
HEATING MODE 
PPES 
I N T E H C O O L E X 
Figure 9 Healing mode of the system 
Figure 9 Fonclionnemcnt du i) sleme in chauffaqe 
heating unit mstdllation Such an arrangement is shown 
in Figure 9 In addition to all the components described 
in Figuie /, Fiquic 9 contains two extra tubes and three 
valves These are the onl> additional hardware required 
to operate the system in a heating mode In heating mode, 
check valve VI allows flow from i he exit of the evaporator 
to the inlet of the pump, valve V2 is closed and VI is 
opened Hot vapours from the vapour generator then 
flow directly into the evaporator where cold air from the 
surroundings condense the refiigerant, which is then 
passed to the pump to be pumped again to the vapour 
generator The i5ressure throughout the system is roughly 
that of the evaporator pressure and the pump merely 
provides for flow friction losses 
In this mode most, if not all, of the heat generated in 
the heat source is utilized directly for heating Valves VI 
and V3 are closed and V2 is opened, to resume the air 
conditioning mode 
Conclusions 
A compression-enhanced ejector air conditioning system 
has been built and operated A summary of the energies 
transported and the efficiencies of the system is given in 
Table 4 Summary of energy transport and efficiencies in both modes 
of operation 
Tableau 4 Resume ck slesullals cle tianspoi I dcI encigiecl del i fficaiHe 
dans Ics deux modes de foncltonnement 
Parameter 
<3e(\V) 
e, (w) 
ec(w) 
TJC) 
W'p.p (W) 
H'.mp (W) 
Wne. (W) 
COP 
COP^.. 
Mode A 
2930 
6600 
9856 
53 5 
111 
320 
431 
0417 
6 80 
Mode B 
2051 
6094 
8382 
56 7 
75 
224 
229 
0 32! 
6 86 
Table 4 Less than 500 W were required to generate 
ipproximately 3000 W of air conditioning load This is 
a^ighly efficient use of mechanical energy The amounts 
of I^at transported m the system were reasonable Heat 
of ~ 1^000 W was rejected by the condenser The system 
requireXa short warm-up time (~ 100 s) before delivering 
the full rdtageration load Most of the components used, 
although son^what oversized compared with a compres-
sion system, sre readily available With the control 
devices installed^the system's operation was smooth and 
trouble-free, with\iector changeover as a function of 
exterior climatic cono t^ions The suggested heating mode 
provides a simple means for year-round utilization of the 
system components Whete a free heat source is available, 
the system described herK. represents an economical 
competitor to compression aKr conditioning systems If 
temperatures of the available heSl source become higher, 
or alternatively, the chmatic conHitions are less severe, 
the efficiency of the proposed ejectW system as well as 
Its competitiveness, will increase appreciably 
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Economic biogas and cooling water rates in a lithium bromide-water absorption system M A Siddiqui 
Nomenclature 
°c-C Specific heat of water (4 187 kJ kg' 
Cj Capital cost of biogas plant (rupees) 
Cj Yearly cost of biogas (rupees y~^) 
C3 Capital cost of spray pond including 
pumps, fittings, etc (rupees) 
C4 Yearly cost of cooling water (rupees y"^) 
C^i Total yearly running cost of biogas 
(rupees y ') 
Cj2 Total yearly runnmg cost of cooling water 
(rupees y ~') 
Cj Over-all operating cost of LiBr-HjO 
system (biogas plus cooling water) 
(rupees y~') 
Cj ^,„ Minimum over-all operating cost of 
LiBr-HjO system (rupees y"^) 
COP Cooling coefficient of performance 
HCP Heating coefficient of performance 
H Pumping head (m) 
h Specific enthalpy (kJ kg" ' ) 
m Mass flow-rate/TR (kgh~^) 
P Capacity of water pump (kW) 
PR Pumping rate of LiBr-HjO solution from 
the absorber into the generator (kgh" ' 
per kg of refrigerant) 
^3 Heat released by the absorber (kW) 
^j . Heat released by the condenser (kW) 
gj. Cooling effect produced by the evaporator 
(kW) 
gg Heat required in the generator (kW) 
2 Heating value of biogas (klm"-*) 
T 
r 
T 
TR 
AT, 
V 
W 
XCRIS 
WPH 
P 
g 
•T.) 
Temperature (°C) 
Condensing temperature (T'=T^ 
(°C) 
Optimum condensing temperature (°C) 
Optimum generator temperature (°C) 
Absorbent temperature (°C) 
Inlet cooling water temperature—entering 
the absorber plus condenser (°C) 
Outlet cooling temperature—leaving the 
absorber plus condenser (°C) 
Tonnage of refrigeration (3 5 kW) 
Approach temperature (K) 
Volume float-rate of biogas (m-' h ') 
Volume flow-rate of cooling water 
(m^h-^) 
Concentration of lithium bromide (%) m 
LiBr- HjO solution 
ConcenXiaUon oi L\ftt &a\X al wh\ch 
crystallization will occur 
System without preheater 
Density of water (1000 kg m'-') 
Water pump efficiency 
Acceleration due to gravity (9 81 m s"^) 
Subscripts 
a Absorber side 
c Condenser side 
e Evaporator side 
g Generator side 
o Optimum 
The optimum flow-rates of biogas and cooling water will 
be those that will result in the lowest operating cost for the 
system This will vary with the conditions of the 
individual installation, being influenced by the applica-
tion and design conditions for the region and the cost and 
availabihty of water, source of biogas, utility costs and 
local codes and restrictions^ Therefore, in order to have 
the maximum choice for the selection of the optimum 
parameters at different places, a cost and performance 
study was carried out at a condition of equal flow-rates of 
biogas and cooling water in the generator and the 
absorber plus condenser, respectively 
In this paper the generator and condensing tempera-
tures are varied, keeping the evaporator temperature T^  
and pumping rate PR fixed With the use of a preheater in 
the LiBr system, the outlet temperature of the strong 
solution coming from the generator and entering the 
absorber can decrease up to the temperature of the 
absorber Crystallization of this strong solution may 
therefore take place, which may block the passage Hence, 
analysis of the system without a pieheater corresponding 
to the minimum over-all operatmg cost has also been 
carried out 
Mathematical modelling 
System anahsis 
Figure 7 is a schematic diagram of a water-cooled, biogas 
powered LiBr-H20 absorption system Its cycle of 
operation has been described previously' The subcoolmg 
in the precooler improves the performance of the system' 
Cool ng water 
Biogas 
plant 
Make up water 
Figure 1 Block diagram of water cooled biogas powered lithium 
bromide-water absorption system 
Figure 1 Schema du si 'Heme a absorption eau-bromure de lithium 
ahmente par biogaz et refroidi par eau 
The preheater reduces heat transfer rates to the absorber 
and generator The heated water, after removing heat 
from the absorber and condenser, is sprayed into the 
spray pond for cooling down to about 5 K above the wet 
bulb temperature of atmospheric air, and is then pumped 
back to the absorber and condenser to complete the cycle 
The heat input to the generator is supplied by burning the 
biogas from the biogas plant 
The mass and energy balance to the absorber, 
condenser, evaporator and generator (assuming zero 
concentration of LiBr in the condenser and evaporator) 
lead to 
rhJm^ = x-j/{x-j-x^) = PR (1) 
(2) 
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6e = '^6(^6-^4) = 3 5x3600kJh- i 
mg = mj = 3 5 X 3600/(/!f, - h^) 
COP=QJQ^ 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
Thermodynamic propertw; 
The equilibrium pressure equation for the LiBr HjO 
solution and pure water, and the enthalpy equations for 
LiBr-HjO solution are taken from ASHRAE'' The 
enthalpy equations for pure water are taken from 
Siddiqui^ 
Tine coTicentTations of LiBi m the absoibeM ciicuil 
(absorber, preheater and generator side) which may lead 
to crystallization because of the temperature changes at 
each component, are taken from Bogart^ and related as 
A'C/?/S=9 8459x]0'^J + 59 7995 (9) 
in the range 27°C^ t^ l02 'C The upper hmit for the 
concentration of LiBr in the absorbent circuit is 70% 
Cost-volume relationship Joi cooling watei 
The warm water from the condenser and absorber can be 
cooled down to about 4-5 5 K above the wei bulb 
temperature of atmospheric air by using evaporative 
cooling devices such as cooling towers or spiay ponds* 
Cooling towers require high pumping heads and have a 
very short life, especially the wooden deck type, unless 
better and more expensive materials which do not absorb 
water, such as plastic, are used Spray ponds are made of 
concrete with steel pipe and nozzle arrangements and 
have a comparatively longer life As biogas plants are 
generally constructed of a concrete base and a steel 
holder, selection of the spray pond in this analysis gives a 
good approximation for the choice of lifetime and cost of 
the materials 
The initial cost of constructing spray ponds of different 
sizes with pipe and nozzle arrangements, using 
conventional methods of design, was estimated on the 
basis of local standard rates The size of ponds selected 
were based on the volume of water required per hour with 
a 10% oversize construction to avoid overflow The cost 
of a pump with capacities of 0 093, 0 373 and 0 746 kW 
were collected from the local market and calculated in 
terms of volume flow-rate of water {W) 
The capacity of water/pump needed to deliver the 
required amount of water can be calculated from 
reference 6 
Cost-volume relationship 
Cost-volume relationship for biogas 
The cost of biogas in terms of volume are taken from 
Siddiqui et al' and are modified to account for the 
existing cost Assuming 16 h of operation per day and 325 
effective working days m a /ear, the capital cost of the 
biogas plant is 
Ci-=16967K°'°^ 
and the yearly running cost of the biogas is 
C2 = 1500K°5*'^ 
(10) 
(11) 
3600?/ 
Assuming the total pumping head due to the absorber 
and condenser heights the pond depth and losses in the 
pipes (//= 1 Om) and efficiency ofthe pump (f/ = 65%) the 
volume flow-rate of water in terms of pump capacity is 
written as 
H^=23 8532P (15) 
Thus, the capital cost of water, including the cost of the 
spray pond with nozzles and pipes, the cost of pump and 
the cost of fitting and installation is functionally related 
as 
The capital cost C^ includes the costs of a steel gas holder 
with frame, construction of a concrete tank with an mlet 
and outlet, piping and stove The yearly cost Cj includes 
the interest on the initial investment, depreciation on the 
biogas plant material and cost of gobar less the annual 
income of manure and bioga? obtained, as presented by 
Siddiqui et al' and Wise^ 
The total cost per year, using the present worth method 
(assuming life of biogas plant = 15 years and interest rate 
on the investment = ] 0 % ) \ can be written as 
Cxi = (6 667Ci + 55 778C2)xl0" (12) 
The volume of biogas required in the generator per TR 
can be obtained from 
Q. 
COPQ^ (13) 
2g35 in terms of generator temperature taken from 
reference 1 is given in the Appendix 
C3 = 1887 274814" 0 3615b6 (16) 
Make-up water to replace the loss due to evaporation 
drift and bleed off is supplied at the bottom of the pond 
through a float valve which tends to maintain a constant 
water level in the pond In actual practice, make up water 
may go up to 15%'° of the actual volume of water 
required Thus the yearly running cost in terms of W is 
given by 
€4 = 595 7455I4/°*'-««^ (17) 
The yearly running cost given by Equation (17) includes 
the cost of make up water, electrical expenses for pumping 
(at Re 0 85 per kWh), 10% of C jfor mainlenance and 5% 
of C3 against depreciation, with the assumption that the 
system operates for 16 h per day and 325 days in a year 
With the life of the spray pond and pump equal to 15 years 
and interest rate on the investment as 10%, using the 
present worth method, the total running cost of water per 
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100 ijo wo 
Generator lemperoSure Tg( C) 
Figure 2 Variation in CT, , Q , , C^, V, Vy, COP and HCP wilh 
generator temperature T^ for different inlet cooling water temperature 
7,, and pumping rate PR at evaporator temperature T^ = 5°C 
Figure 2 Vai lation de Cj^,C [2^Cj, V, W, COP el HCP en fonction dc 
la temperatwe au geneiatew T,, poui une temperature de I'eau a I'entrec 
T^, et divers tau\ de pompaqe. a une temperature d haporation 7^ = J°C 
year: 
CT2 = (6.667C3 + 5 5 . 7 7 8 Q ) X 10^' (18) 
The volume flow-rate of water per TR can be calculated 
from: 
W=(Q, + Q:)lipC{T^„-TJ-\ (19) 
In terms of approach and condensing temperatures: 
W={QAQMpC{r-T^-^TJ] (20) 
Also 
w pCir-T^,-AT, 
\fHCP\ 
)j\copj (21) 
Optimization 
The objective is to optimize the generator, condenser and 
absorber temperatures at a given evaporator tempera-
ture. The optimization has been carried out in three 
phases: (1) optimum points corresponding to minimum 
over-all operating cost of LiBr system with a preheater; 
(2) optimum points corresponding to minimum over-all 
operating cost of LiBr system without a preheater 
(WPH); (3) optimum points corresponding to equal 
flow-rates of biogas and cooling water. 
For phases (l)and (2), the over-all operating cost using 
Equations (12) and (18) can be written as: 
Lj~Cj^ -\-Cj (22) 
Thus, the optimum generator, condenser and absorber 
temperatures along with optimum heating and cooling 
coefficients of performance corresponding to the 
minimum value of Q is calculated iteratively. For phase 
(3), equal flow-rates of biogas and coohng water (K= W) 
from Equations (13) and (21 )wiihpC = 4]87kJm"3°C" ' 
and AT, = 3 K, yield: 
T 
jHCPQ^. 
4187 
Also 
r>|l???)+,r„+3, 
W COP I 
where 
W=V=-
12600 
(COPQZX 
(24) 
(25) 
Here, the optimum values of T ,^ COP, HCP and 2gas 
are computed iteratively corresponding to V= W. 
Results and discussion 
The generator and condensing temperatures are varied, 
keeping the solution pumping rate [PR] and the 
evaporator temperature (TJ fixed at different inlet 
cooling water temperatures (T^ ,^, = 20, 25 and SO^C). As 
the generator and the condensing temperatures are 
dependent variables, the variation in flow-rates of biogas 
and cooling water, costs of biogas and cooling water,cost 
of biogas plus cooling water (over-all operating cost), 
cooling coefficient of performance and heating coefficient 
of performance, are plotted against generator tempera-
ture (Tg) and shown in Figure 2. The plots in Figure 2 are 
for PR = 10, 14 and 22kgh~^ per kg of refrigerant at 
T ,^ = 20,25 and 30°C, respectively. These values of PR are 
the optimum values corresponding to minimum over-all 
operating cost of the system (Cj^,„) as shown in Figure 3. 
It can be seen from Figure 2 that the COP of the system 
at equal flow-rates of biogas and cooling water (the point 
where the curves of V and W intersect) are better than 
when operated at Cx,mm- The percentage increase in COP 
and Cj at V= W from that of Cj „,,„ are given in Table 1 
for T, = 5°C. 
It can be seen from Table 1 that the performance of the 
system will be improved by 5.988% with a loss of only 
2.71% m the operating cost when the operating 
parameters are chosen at V=W. 
Variation o/Cj.^,„ willr PR 
The variation in minimum over-all operating cost with 
PR at different inlet cooling water temperatures for 
T, = 2.5, 5.0, 7.5, 10.0, 12.5 and 15°C are shown in 
Figure 3. It is interesting to note that the value of Cj „,„ 
decreases as PR increases, reaches a minimum value and 
T„ = 
.? 
P 
Sy 
- •^/ / 
1 1 
30'C 
Te=5 0C 
/ / 7 5 
/ / ,10 0 
/ 12 5 
/ / ISO 
4 8 12 16 20 24 
•(T„, + 3) (23) 
Figure 3 Variation m C-[.„,„ with pumping rate PR for different 
evaporator and mlet cooling water temperatures 
Figure 3 Variation de C, „,„ en fonction du tau\ de pompage pour 
differentes temperatures de I'haporateur et de I'eau a I'entree 
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Table 1 Percentage increase in COP and Cj 
Tableau 1 Augmentation des pourcentaqct du COP cl du C, 
T„, rc) 
20 
25 
30 
Average 
At V = 
0 822 
0 782 
0 725 
0 776 
W At CT 
0 780 
0 738 
0 680 
0 732 
COP 
mm Percentage increase 
5 384 
5 962 
6 617 
5 988 
At V=W 
Rs 2358/-
Rs 2436/-
Rs 2573/-
Rs 2455/-
CT 
A t Q „ , „ 
Rs 2303/-
Rs 2375/-
Rs 2494/-
Rs 2390/-
Percentage increase 
2 388 
2 568 
3 167 
271 
2350 - iv 
2200 
X 
si o 
"T/ 
- NI 
J5A 
A^V 
*M o / \ 
Tw 20*C 
optimum PR 
1 1 
Te 2S'C 
50 
,75 
,100 
^ 1 2 5 
15 
2500 
2 i 5 0 
2400 
2350 
2300 
2250 
o/ 
- V 
Twi-2^C 
Te 25'C 
J K ,50 
/ I S 
100 
125 
15 0 
, 1 
25 50 
2500 
2450 
2400 
2350 
2300 
Twi 
/ 
o / . 
* / X 
1 1 1 
30'C 
Te 25t 
,10 0 
,125 
15 
1 
PR-
Figure 4 Variation m total cost C^ - with solution pumping rate PR at 
K= W for different evaporator temperatures and inlet water 
temperatures 
Figure4 VanattonducoultotalC-, enfonctiondutauxdepompaqedela 
solution, pour V = W e/ pour differentes temperatures de I eiaporateur et 
differentes temperatures de I eau a t entree 
then again increases, giving an optimum value ot PR 
These optimum values {PR„) are very prominent at high 
value of Tj. and low values of T ,^ At lower values of T^ and 
high values of T ,^, the crystalhzation puts a limit on the 
efficiency and, hence, instead of taking PR^, pumping 
rates are chosen just near the crystallization line in the 
working range The crystallization limit is shown by a 
straight line obtained using Equation (9) The optimum 
pumping rates or the operating pumping rates (chosen 
near the crystallization line in the case of low T^ ) are 
higher at high inlet water temperatures 
Variation in Cj- \iith PR at\' = V^ 
The total operating cost corresponding to V=W for 
different values of T, at T^,= 20, 25 and 30°C are plotted 
against PR and shown in Figure 4 The crystallization 
lines are seen to be shifted towards lower pumping rates at 
V=W {Figure 4) as compared to those at Cj „,„ {Figure 3) 
Hence, the optimum pumping rates are very prominent in 
Figure 4, and it is possible to operate the system even at 
Tj = 2 5°C at low pumping rates 
Effect on COP and Cj in a s\stem without preheater 
(WPH) 
Figures 2-4 are plots of a system with a preheater The 
preheater reduces the heat input to the generator and the 
heat load on the absorber which must be expelled The 
optimum values of C-^  and COP at C-f „,„ and V=W using 
a preheater, and the values at Cj „,„ without a preheater 
are shown in Figure 5 Figure 5 shows that a system 
without a preheater is very costly and gives a poor 
performance The percentage variation in COP and Cj at 
' Q mm With preheater (PH)' and ' Q „,„ without preheater 
{WPH)'kom those at V= Ware given in Tables 2 and 3 
2600 
-;:• 2500 
OJ 
^ 2400 
o 
cr 
— J " 2300 
2200 
^ W l 
PR 
\ 
\ • \ 
\ \ 
\ . V . 
1 
- 2 0 C 
-10 
- W P H 
- V-W 
— C J mm 
\ 
\ 
1 
TWI 25C 
PR=14 
0 90 
0 85 
0 80 
Q- 075 
O 
U 
0 70 
0 65 
0 60 
Tw,-20C 
5 iO 15 
Evaporator temperature 1Q( C ) 
Figure 5 Variation in C^ and COP of the system, without preheater 
(WPH), with preheater (at C^ „,„) and at V= W with 7, at different inlet 
water temperatures 
Figure 5 Variation de C^ et du COP du s\steme, sans prechauffeur 
(WPH), avec prechauffeur (a C, „,„) et pour V = W aiec differentes 
temperatures T^ de I eau a I entree 
Table 2 Percentage variation in COP from those at V= W 
Tableau 2 Variation du pourcentage du COP par rapport a ceux pour 
lesquels V = W 
rc) 
5 
10 
15 
At CJ 
T„,=20T 
- 5 167 
- 4 857 
- 4 5 1 6 
„.„ with PH 
T„, = 25°C 
- 5 623 
- 5 173 
- 4 624 
At C,„,„ 
T„, = 20X 
- 1 9 361 
- 1 6 957 
- 1 4 887 
WPH 
T„, = 25°C 
- 2 4 345 
- 2 2 405 
- 2 0 412 
From Table 3, it can be seen that the over-all operating 
cost of the system with a preheater is less by only 
1 779-2 437% from that of F= W, whereas the operating 
cost of the system without a preheater is about 
7 252-13 785% more. Thus, the variation in the cost of 
operating a system with preheater and without preheater 
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Table 3 Percentage variation in C^ from those at V= W 
Tableau 3 Variation du pourcenlag" du C, par rapport a ceux pour 
ksquels V = W 
(°C) 
5 
10 
15 
At CT 
7;, = 20°C 
- 2 33 
- 1 9 6 7 
- 1 7 7 9 
„,„ with PH 
7;, = 25°C 
- 2 437 
- 2 109 
- 1 784 
At C T ^ 
r., = 20°C 
8 940 
8 240 
7 252 
„ WPH 
r„. = 25°C 
13 785 
12 869 
11 836 
is 9.031-16.222%. Hence, a system without a preheater is 
uneconomical. Also the perfoimance of a system WPH is 
extremely low (about 14-24%) compared to that at 
V=W. 
Variation in optimum parameters V = W 
The optimum values of T^ , COP and HCP are obtained 
iteratively corresponding to V— W at different values of 
T„, and plotted against T^  as shown in Figure 6. The 
variations in T^^, VJW^, COP„ and HCP„ with T, are 
linear. As the PR„ (= 10 kg h " ' per kg of refrigerant) is the 
same for all values of T, at r„, = 20 and 25°C, the 
optimum plots represent single straight lines for T ,^ = 20 
and 25°C, respectively. However, at T'^ , = 30°C the 
optimum pumping rates are 16,12,10, 8, 8 and lOkgh"^ 
per kg of refrigerant for 7^  = 2.5, 5.0, 7.5, 10, 12.5 and 
15°C, respectively and, hence, no single line for all values 
of T^ is obtained. Therefore, for T ,^ = 30^ C discrete lines at 
different values of T^ and PR„ are drawn. 
Variation in Tg„ with T^  
The optimum generator temperature T^ ^ decreases 
drastically with an increase in evaporator temperature T^ 
at a given inlet cooling water temperature T„,. Low values 
of Tjo demand low inlet water temperatures and high inlet 
water temperature leads to high generating temperature. 
For evaporator temperatures between any two of the 
values given under Variation in optimum parameters at 
V = W above, the value of T^^ will depend on the optimum 
pumping rate chosen, as can be seen from Figure 6. 
Variation in V„/W„ witli T^ 
The optimum flow-rate of biogas K„ will be equal to the 
optimum flow-rate of cooHng water W„ at V= W. The K„ 
or Wg plots in Figure 6, show a rapid fall in the optimum 
flow-rates as the evaporator temperature increases. 
Higher inlet water temperatures require higher flow-rates. 
At r„, = 30°C, the nature of the VJW„ plots are similar to 
that of Tg„ plots, except at r^  = 7.5-15°C, where it is a 
single line, although operating at different pumping rates. 
Variation in COP„ with T^  
The optimum COP of the system increases with 
increasing T,. Lower values of T„, yield higher values of 
COP^. Again, at T ,^ = 30°C the COP^ plot in Figure 6 is a 
single straight line for T,== 7.5-15°C, operating at 
different values of PR. 
Variation in HCP„ with T^  
The HCP„ and COP^ plots are similar in nature; the HCP^ 
plots show a larger variation with T, than COP^ as can be 
seen in Figure 6. At r„, = 30°C, the HCP^ plots are discrete 
lines similar to the T^^ plot at the same T j^. 
PR=10 
u. C) 
u 
0 90 
oas 
OflO 
0 75 
0 7n 
PR=)0 
y'^ PR=TO 
/ y^ 
/ / PR=10 / * y^ ^^ 
h ''''yy^^ 
.''12 
/ 1 6 
1 I 1 
u 
X 
no 
160 
PR=10 
.16 
0 5 10 15 0 5 10 15 
Evaporator temperature,Te(C) 
Figure 6 Variation in optimum values of T^^ , V„/W^, COP and HCP^ 
with T^ for different mlet coohng water temperatures 
Figure 6 Variation des valeurs optimales de T,„, V„/W„, COP et de 
HCP„ pour differentei temperatures T^ de I'eau de refroidnsement a 
I'en tree 
Thus, knowing the optimum parameters, Tg„, K„/W„, 
COPg and HCP^, the optimum condensing temperature 
r^ ,, which is equal to the optimum condenser and absorber 
temperatures, can be calculated from the Equations 
(23H25). 
Conclusions 
Although operating a LiBr-H20 system corresponding 
to the minimum over-all operating cost is economical by 
about 2.71%, the loss in performance of the system by 
5.988% demands that the system is operated at equal 
flow-rates of biogas and cooling water in the respective 
components. 
A LiBr-HjO system without a preheater has a very 
poor performance as well as a very high operating cost. 
Hence the use of a preheater is essential and the problem 
of crystalhzation may be overcome by operating at V= W. 
As the generator, condenser and absorber temperatures 
are strongly dependent on each other, graphs have been 
presented against the generator temperature, and 
equations to obtain the corresponding optimum absorber 
and condenser temperatures have been given. 
The cost of cooling water and the cost of biogas must be 
accounted for in the operating cost. This is because the 
performance of the absorber and condenser are greatly 
influenced by the temperature of the cooling media. 
Acknowledgement 
The author acknowledges the Council of Scientific and 
Industrial Research, EMR-II, New Delhi, India, for the 
financial support. 
Rev. Int. Froid 1991 Vol 14 Janvier 37 
Economic biogas and cooling water rates in a lit/iium bromide-water absorption system: M A Siddiqui 
References 9 'WKt^Ti.h.FuelGas Pioduclwnfrom BwmassVo\s\a.nd\\CRC 
1 Siddiqui, M. A., Prasad, M., Sahay, B. Ene, qy Conien Manage P^^ss, Boca Raton, FL (1981) pp 53-71 
(1986) 26 83 "^ Prasad, M. Refriqeration and Air Conditioning Wiley Eastern, 
2 Prasad,M.IIF-IIRCommissionsB,,Bj,E,,E2,Mons,Belgium New Delhi (1983) p330 
(1980)265 
3 McLinden, M. O., Klein, S. A. Solar Energy (1983) 31 473 
4 Bong, T. Y., Ng. K. C, Tay, 4. O. Solar Energ\ (1987) 39 173 
5 Siddiqui, M. A. Energy Convers Manage (1987) 27 163 Appendix 
6 Dossat, R. J. Principles of Refrigeration 2nd Edn Wiley Eastern, 
New Delhi (1984) p 330 Heating value of biogas 
1 ASHRAE Handbook and Fundamentals ASHRAE, Atlanta, GA 
(1981) 6^,3= 17 560.37] 52-12.64482465(7^ + 50) 
8 Bogart, M. Ammonia Absorption Refrigeration in Industrial icACA^^r iiT ^ri\2 
Processes Gu\i Pubh'ihmg Co TX(1981)p427 - 1 7546455ii - J(Yg + 5 0 ) 
38 Int. J . Refrig. 1991 Vol 14 January 
IECEC-90 
August 12-17, 1990 
Reno, Nevada 
Participating 
Societies 
PROCEEDINGS OF THE 
25th INTERSOCIETY 
ENERGY CONVERSION 
ENGINEERING CONFERENCE 
VOLUME 2 
Aerospace Power Systems (Continued) 
Environmental Effects 
Computer Simulations 
Thermal Management 
Conversion Technologies 
Heat Engines and Advanced Cycles 
Heat Pumps 
Thermionics 
Thermoelectrics 
Magnethydrodynamics 
Editors: 
Paul A. Nelson 
William W. Schertz 
RusseU H. Till 
AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
345 East 47th Street • New York, New York 10017 
ECaHOKlC ANALYSIS OF BIOGAS/SOLAR OPERATED 
LITHIUM BROMIDE WATER ABSORPTION SYSTEMS 
M. Altamush Slddiqvii 
Department of Mechanical Engineer ing 
i i l i ga rh Muslim Un ive r s i t y , Al igarh ( I n d i a ) 202 002 
ABS':::RACT 
Economic e v a l u a t i o n of Li th iun-bromide-
water abso rp t ion system using biogas and 
s o l a r - c o l l e c t o r as sources of energy a re 
c a r r i e d out fo r d i f f e r e n t ope ra t ing cond i -
t i o n s , A comparat ive s tudy between biogas 
and s o l a r - c o l l e c t o r fo r t h e LiBr-H20 system, 
has been a l so done. The c o s t s of t he s y s -
tem components - absorber p lus evapora tor 
and the g e n e r a t o r p lus condenser a r e p re sen -
ted g r a p h i c a l l y wi th low-s ide and hdgh-slde 
system p r e s s u r e s , r e s p e c t i v e l y . Also, t h e 
t o t a l c o s t of LiBr-H^iO system along wi th 
the c o s t s of t h e souj'ces of energy, have 
been p l o t t e d fo r d i f f e r e n t c o n d i t i o n s . Thus, 
the optimum p r e s s u r e s in t h e LiBr-H20 system 
are ob ta ined corresponding t o t h e minimum 
cos t of t h e system inc lud ing i t s ope ra t ing 
cost spread over a l i f e span of 15 y e a r s . 
The s tudy has been r epea t ed fo r d i f f e r e n t 
• a s s flow r a t i o s (MR) of t h e LiBr-H20 s o l u -
t i o n l eav ing t h e absorbe r . 
1 . INTOODUCTION 
Among t h e var iovo r e f r i g e r a n t - a b s o r b e n t 
combinations in t h e vapour absorp t ion c y c l e s , 
l i thium-bromiide-water system has gained more 
p r a c t i c a l impor tance , e s p e c i a l l y f o r a i r 
cond i t ion ing of b u i l d i n g s . This i s probably 
because of high COP and low g e n e r a t o r tempe-
r a t u r e - o p e r a t i o n f o r LiBr-H20 system. But, 
t he high c a p i t a l and ope ra t i ng c o s t s of 
t he se systems have ne t ye t brought them vp 
for world wide c o n m e r c i a l i s a t i o n . 
Opt imisa t ion of LiBr-H20 abso lu t i on 
cycle has been done by va r ious a u t h o r s . Some 
of them a r e Prasad [ l ] , Mansoori and P a t e l 
•[2J, S idd iqu i e t a l . [ 3 ] , S i d d i q u i [A-5]and 
.Alizadeh e t a l . [ 6 ] . Op t imisa t ion of gener -
a t o r tempera ture done by Prasad i n [ l ] i s 
based on naxiaium C30P c o n s i d e r i n g t h e i d e a l 
absorp t ion c y c l e s . Opt imisa t ion of genera-
t o r t empera tures i n [3 -^ ] i s done cor respon-
ding to t he minimum voliane and hence, min i -
Baam cos t of b iogas needed t o o p e r a t e t h e 
(Cycle. Analysis c a r r i e d out i n [3-5] a r e 
rbased on a c t u a l ab so rp t i on cyc l e s c o n s i d e r -
.ing t h e thermodynamic p r o p e r t y equa t i ons , 
lOpt ia l sa t ion of g e n e r a t o r , absorber and con-
denser t empera tu res in [5] a re co r re spond ing 
t o t h e minimum c o s t of b iogas p lus c o o l i n g 
water needed in t h e LiBr-H20 system. Op t imi -
s a t i o n of g e n e r a t o r t empera tures c a r r i e d out 
by Alizadeh e t a l . i n [6] a re co r re spond ing 
t o t h e minimum area of s o l a r c o l l e c t o r 
r equ i r ed t o supply heat in t he sys t em-gene-
r a t o r . None of t h e axifhors in t h e above 
r e fe rences have cons idered t h e i n i t i a l c o s t s 
of t he abso rp t i on cyc les i n op t imiz ing t h e 
system v a r i a b l e s . The p r e s e n t work has been 
taken up t o opt imize t h e o p e r a t i n g p re s s t i r e s 
i n t h e LiBr-H20 system corresponding t o t h e 
t o t a l c o s t s of LiBr-H20 system along w i t h 
t h e ope ra t ing c o s t . 
2 . SYSTEM MODELLING 
The LiBr-H20 abso rp t ion c y c l e , having 
d i f f e r e n t components and s t a t e p o i n t s i s shewn 
in FlgJ.. The weak LiBr-H20 s o l u t i o n i s pum-
ped t o t he g e n e r a t o r v i a p r e h e a t e r t o reduce 
t h e heat inpu t Qg. The hea t inpu t t o t h e 
gene ra to r may be siflpplied by burning t h e b i o -
gas or by pas s ing hot wa te r obta ined from 
s o l a r - c o l l e c t o r s . A p a r t of t h e r e f r i g e r a n t 
in t h e g e n e r a t o r , t h u s , vapour izes a t an e l e -
va ted t empera tu re and condenses in t h e con-
dense r . The condensate a f t e r g e t t i n g s u b -
cooled in t h e p r e c o o l e r i s t h r o t t l e d th rough 
va lve VI t o t h e evapora to r . The r e f r i g e r a n t 
vapour izes i n t h e evapora to r and t h u s , coo-
l i n g i s produced. The subcool ing i n t h e p r e -
coo le r improves t h e performance of t h e s y s -
tem. The remaining s t rong LiBr-H20 s o l u t i o n 
i s s epa ra t ed i n t h e gene ra to r and brought 
back t o t h e absorber through t h e p r e h e a t e r 
and t h r o t t l e va lve V2. The s o l u t i o n i n t h e 
absorber mainta ined a t low t empera tu re and 
p r e s s u r e , absorb t h e r e f r i g e r a n t vapotir from 
t h e evapora to r , and t h u s , t h e c y c l e g e t s com-
p l e t e d . The absorber and condenser a r e 
cooled by us ing coo l ing -wa te r from s p r a y 
pond because of t h e reasons given i n [ 5 J . 
For sma l l e r hea t exchange s u r f a c e , w a t e r i s 
c i r c u l a t e d i n t h e evapora to r which a f t e r 
g e t t i n g c h i l l e d , i s sprayed a t a d e s i r e d 
r a t e f o r space a i r c o n d i t i o n i n g . 
The mass and energy ba lance t o each of 
t h e components i n t h e LiBr-H20 c y c l e l e a d 
t o t h e fo l lowing r e l a t i o n s ": 
2): 
m 12600/(hg-h^') and 
MR * nu/m. 
(1) 
(2) 
(3) 
(^) 
(5) 
(6) 
(7) 
where, load on t h e evapora tor i s I26OO k J / h 
(3 .5 KW). S ince pure r e f r i g e r a n t en t e r s t h e 
condenser , t h e c o n c e n t r a t i o n of LiBr s a l t 
a t s t a t e p o i n t 3 w i l l be zero ( i . e . X3.O.0) 
The mass t r a n s f e r equ i l ib r ium i m p l i e s : 
(8) P^ and P„ 1 c g 
3 . PRDPERrf EQUATIONS 
Enthalpy 
The thenD0d3mamic p r o p e r t y equat ions 
fo r en tha lpy i n terms of t empera ture and 
c o n c e n t r a t i o n f o r LiBr-H20 s o l u t i o n a r e 
taken from ASHRAE [ 7 ] . The equat ions fo r 
s a t u r a t e d e n t h a l p i e s of piire water and wa-
t e r vapour a r e taken from [U] and for sup -
erheated en tha lpy of pure water vapour from 
[ 3 ] . 
gqu i l ib r ium P r e s s u r e 
The equ i l ib r ium p r e s s u r e equat ions f o r 
the LiBr-K20 s o l u t i o n and pure water have 
been taken from ASHRAJS [ 7 ] . 
Densi ty 
The exper imenta l d e n s i t y da ta fo r 
LiBr-H20 s o l u t i o n taken from ASHRAE [S] , 
s a t u r a t e d water and s a t u r a t e d steam taken 
from r e f s . [ 9 ] a r e con- 'e lated as follows : 
Pj_ Iw = (1-^59 E+3 + 0.2768 E+1 X +(-0.22666 
S+2 + 0.429X)(T-273.16)) (9) 
'^1 V " 924.9388^-0.261 E+2 P + 0 . ^ 6 T 
- 0.7718 E-3 T'- (10) 
fy ^ = C.21245 E+3 P/'r + 0.977 E-4 
+ 631.073/T^ + 0.277 E+23/r'-"'" 
T C.3769 E+27 I'^/r'--^ (11) 
The d e n s i t i e s of water a t atmospheric p r e -
s su re taken from [lO] a r e c o r r e l a t e d in 
terms of t empera tures as : 
l ,wa = 1000.1885 - 0.52829 E- l (T-273 . l6 ) 
-O.34998E-2 (T-273.16) ' (12) 
Vi scos i ty 
The v i s c o s i t y da ta f o r LiBr-H20 s o l u -
t i o n from ASHRAE [8] J'or pure water and 
water vapour from [9] a re r e l a t e d as 
^ , l w ' ((l.7654O.32196E-2}U0.3333&.3 X^ 
+0.127&-4 X^ €'3q)(-0.027(T-273.16)) 
-MD.C17X).1.0E-3 f o r [10<X<307.] (13) 
^ l^,-=((2.3587-0.2358E-l X-0.438E-3 X^ 
+0.4196E-4 X^)exp( -0 .03(T-273 .16) ) 
+O.C132X).1.0B-3 f o r [301X<50X) (14) 
^ lw"(U'97-K).1099E-l X-0.59E-it x' 
-K).3112B-7 x5)exp(-0.G29(T-273.l6)) 
+O.020725X).l.OE-3 for [501Xl6o7.](l5) 
}i^ ^-1.46BB-3 exp ( -0 .C26 l (T -273 . l 6 ) ) 
-0 .159B-5 (16) 
p^ ^=15.836E-6 exp(2.917aP/T) 
+ 6 6 . 8 1 6 E - 6 P / T - 0 . 5 9 7 / T 2 (17) 
Thermal Conduc t iv i ty 
The d a t a f o r t he rma l c o n d u c t i v i t y of 
LiBr-H20 s o l u t i o n from [ l l ] , f o r s a t u r a t e d 
water and water vapour from [9] a r e c o r r e -
l a t e d as fol lows : 
h Iw " ( (11 -9^5 -0 .94 B-1 T+0.1598E-3T^)X 
(18) 
^l,w 
+573.228)1.0E-3 
- 0.5935 exp(0 .138E-2(T-273 . l6 ) ) 
- 0 . 4847E-3 / (T -273 . l 6 )+0 .4E-4 / 
( T - 2 7 3 . l 6 ) ^ (19) 
^v,w ' ( 2 5 . 7 8 e x p ( - 7 . 2 4 9 P / ( T - 2 7 3 . l 6 ) ) 
-720.03418P/(T-273.16)+607388.44P/ 
( T - 273 .16 ) ^ - 0 . l 6 lE + 9 / ( T - 273 .16 ) ^ 
l .CB-3 (20) 
Spec i f ic Heat 
The s p e c i f i c heat d a t a f o r s a t u r a t e d 
l i q u i d wa te r and water vapour from [9] and 
fo r LiBr-H20 s o l u t i o n t aken from [ l l ] a r e 
c o r r e l a t e d in t h e form given below: 
(21) 
(22) 
(23) 
'^l,lw='*-259-0. C538X + 2.3E-4X^ 
^ , w 
v.w 
=4.2686-0.3538E-2(T-273.16) 
+0.2549E-4(T-273.16)2 
-7.636-0.3715E-1 T + 0.596 E-4T^ 
- 0 . 2 7 3 E-6 P T^ 
Surface t e n s i o n 
The d a t a f o r s u r f a c e t a i s i o n of s a t u -
ra ted water a t i t s l i q u i d - v a p o u r i n t e r f a c e 
are taken from [ l o ] and r e l a t e d in terms of 
t empera ture and p r e s s u r e as fo l lows : 
0- = 6 .64-(235.aP-13.735P^) /T+0.3662 
B-09 T V P ) . 1 . 0 E - 2 
4. DESIGN OF SYSTEM COMPONENTS 
(24) 
The system components shown in t h e a b -
so rp t i on c y c l e ( F i g . l ) a r e cons ide red t o be 
s h e l l and t u b e t ype hea t exchangers . The 
condensat ion of t h e r e f r i g e r a n t vapour from 
the g e n e r a t o r , i s assumed t o t a k e p l a c e i n -
s i d e t h e t ubes whi le t h e c o o l i n g water be 
be forced th rough t h e b a f f l e d - s h e l l i n orda* 
t o remove t h e heat of condensa t ion . The 
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s t rong s o l u t i o n of Liflr-water i s assumed t o 
f a l l in t he form of f i lm, t he reby , wet t ing 
t he i n s i d e su r f aces of t he absorber t u b e s . 
The r e f r i g e r a n t vapour from the evapora to r -
tubes I s in t roduced from t h e bo t ton i n t h e 
a imular space of t he absorber- tx ibes . The 
evapora to r i s designed t o ope ra t e dry expan-
s i o n , which a r e g e n e r a l l y recommended for 
cool ing c a p a c i t i e s upto 1000 KW [ 1 2 ] . The 
weak s o l u t i o n of LiBr-H20 from t h e absorber 
i s assumed t o flow through the g e n e r a t o r 
s h e l l , whi le t h e hot water from t h e s o l a r 
c o l l e c t o r or hot products of b i o g a s . Is 
suppose t o flow through t h e t u b e s . 
f i lm c o e f f i c i e n t s 
The c o r r e l a t i o n s for f i lm-wise conden-
s a t i o n i n s i d e n number of h o r i z o n t a l tubes 
i s t aken from [13-1^^] • The two phase f o r -
ced convec t ive b o i l i n g (as in d i r e c t expan-
s i o n e v a p o r a t o r s ) , where both n u c l e a t i o n and 
convec t ive mechanism are a d d i t i v e , a r e taken 
from [ 1 5 ] . The fi lm c o e f f i c i e n t s of t he 
r e f r i g e r a n t b o i l i n g in the evapora to r and 
t h a t 01 LiBr-H20 s o l u t i o n in t h e g e n e r a t o r 
are c a l c u l a t e d usin^; t h e eqiiations fo r con-
v e c t i v e b o i l i n g [15.-I6] . The t u b e - i n s i d e -
heat t r a n s f e r c o e f f i c i e n t for t h e f a l l i n g 
fi lm absorber i s caj.culated using t h e dimen-
s i o n l e s s empi r i ca l equat ion given in [ l 4 ] , 
The hea t t r a n s f e r c o e f f i c i e n t of t h e f l u i d s 
flowing through t h e p recoo le r and p r e h e a t e r 
t u b e s , r e s p e c t i v e l y , are obta ined using 
c o r r e l a t i o n s given In Perry [ l > ] . 
The s h e l l s i d e heat t r a n s f e r c o e f f i c i e -
nt and p r e s s u r e drop in t he va r ious compo-
nents of t h e system are obtained losing t h e 
procedure and eqiiations given i n [ 1 3 ] . The 
method given by Perry [13] for t h e s h e l l 
s i d e f i lm c o e f f i c i e n t s , i s based on t h e 
r e s e a r c h summarized i n t he f i n a l r e p o r t , 
Coopera t ive Resean:h Programme on s h e l l 
tube heat exchangers [ 1 7 ] . The hea t t r a n s -
fe r equa t ion fo r t he baff led s h e l l s i d e in 
terms of va r ious f ac to r s - J j j , JQ, J i , J^ 
and J r a r e t aken from [ 1 3 ] . These f a c t o r s , 
in te rms of t h e kno'wn v a r i a b l e s , a r e p r e s e n -
ted g r a p h i c a l l y i n [13] and a r e mathemati -
c a l l y r e p r e s e n t e d by S idd iqu l i n [ 2 I ] . 
The hea t t r a n s f e r c o e f f i c i e n t of water 
flowing i n s i d e t h e genera tor t ubes of t he 
so lar -powered-sys tem i s obta ined VBlng r e -
l a t i o n s given i n [ 1 3 ] . For a b iogas opera-
ted g e n e r a t o r of t h e absorp t ion c y c l e , t h e 
^film c o e f f i c i e n t of t he ho t -p roduc t s of 
'biogas i s a d d i t i v e : with convect ion and 
r a d i a t i o n mechanism. The equat ion f o r con-
v e c t i v e f i lm c o e f f i c i e n t due t o gas flow i s 
taken from [ 1 9 ] , while t he method of c a l c u -
l a t i n g r a d i a t i v e heat t r a n s f e r i n s i d e t h e 
^generator tubes i s d iscussed in [ 2 0 ] . 
^Pressure Drop 
P r e s s u r e drop across t h e s h e l l s i d e i s 
c a l c u l a t e d us ing t h e r e l a t i o n s .given by 
Perry in [ 1 3 ] . P re s su re drop ac ros s t h e p r e -
cooler and p r e h e a t e r tubes fo r s i n g l e phase 
H u i d s i s ob ta ined by using Fanning o r Darcy 
equation given i n Per ry Handbook Ch. 5-24 
The two p h a s e - p r e s s u r e drop i n t h e 
condenser s h e l l i s c a l c u l a t e d from t h e 
p re s su re -d rop r e l a t i o n given by Kern [ l U ] . 
The p r e s s u r e drop due t o b o i l i n g of t h e 
l i q u i d s In t h e evapora to r tubes i s . c a l c u l a -
ted ' \jsin4 t h e methods and empi r i ca l r e l a -
t i o n s given i n [8 and 15] fo r va r ious flow 
cond i t ions of t h e two p h a s e - b o i l i n g pheno-
menon. 
5 . OBJECTIVE FUNCTION 
The absorp t ion- sys tem components a r e 
designed using t h e s t a n d a r d methods given 
i n va r ious r e f s . [7-19] and using t h e r e l a -
t i o n s l i s t e d above, depending upon t h e flow 
cond i t ions of t h e working f l u i d s . The e n t i r e 
system i s designed us ing a computer p r o g -
ram and subsequent ly t h e c o s t s of m a t e r i a l 
needed fo r each component, t h e i r c o s t s of 
f a b r i c a t i o n , i n s t a l l a t i o n and overhead c o s t s 
a re e s t ima ted . The c o s t s of f a b r i c a t i n g 
any component in t h e abso rp t i on system, i n -
c lude t h e d r i l l i n g , b o r i n g , cxi t t ing , g r i n d -
ing , welding and o t h e r manufac tu r ing-p ro -
cess c o s t s . These c o s t s a r e c o r r e l a t e d fun-
c t i o n a l l y depending upon t h e amount and 
na tu r e of work [ 2 0 j . The cos t s of m a t e r i a l . 
I n s t a l l a t i o n of t h e system, f a b r i c a t i o n and 
overhead charges a r e t aken as pe r l o c a l 
s t andard r a t e s . The func t i ona l r e l a t i o n s 
of c a p i t a l and nmning c o s t s of b iogas and 
water a re taken from [ 3 - 5 ] . The cos t of 
s o l a r c o l l e c t o r s w i th s t o r a g e systems a r e 
es t imated and p r e s e n t e d i n [ 2 0 ] . For lower 
gene ra to r t empera tu res (up to 81°C), o r d i n a -
r y s o l a r c o l l e c t o r wi th two g l a s s covers i s 
cons idered . ^ Cost of r e f l e c t o r equal t o t h e 
s i z e of t h e c o l l e c t o r a r ea i s a l s o accounted 
fo r boos t ing heat f l ux a t low weather tem-
p e r a t u r e s . For high g e n e r a t o r t empera tu res 
(above 81°C), tubxilar c o l l e c t o r s a r e c o n s i -
dered . The m a t e r i a l s e l e c t e d fo r f a b r i c a -
t i n g t h e LiBr-H20 system components i s high 
q u a l i t y s t a i n l e s s s t e e l . The s o l u t i o n pump 
i s assumed t o be screw t y p e . The g e n e r a t o r , 
p r e c o o l e r , p rehea t and evapora tor s h e l l s a re 
assumed t o be i iasulated from o u t s i d e by 
g l a s s wool. The c o s t s of LiBr s a l t , d i s -
t i l l water and t h a t of burner ( i n case of 
b iogas) a r e used a t Al iga rh ( I n d i a ) r a t e s . 
The methods of co s t e s t i m a t i o n and t h e i r 
func t iona l r e l a t i o n s a r e p resen ted in [ 2 0 ] . 
S ince , t h e r e i s only one moving p a r t 
i n t h e abso rp t ion sys tem, t h a t i s , t h e s o -
l i r t l on pvimp, very l i t t l e maintenance^ c o s t 
w i l l be i n c u r r e d . Thus, assua ing 10/1 of 
t h e i n i t i a l cos t of t h e system-components 
aga in s t d e p r e c i a t i o n , r e p a i r and i n c i d e n t a l 
cha rges ; using p r e s e n t worth method and ^ 
spreading over a l i f e of 15 years ,with 10/^ 
i n t e r e s t r a t e t h e t o t a l c o s t s of each com-
ponent i n terms of t h e i r c a p i t a l c o s t s may 
be expressed as : 
' t ,"ab 0.1224 C^b » ^ t . g b - 0-1224 Cgj,(25) 
Ct . as - 0.1224 C ^ ; C^^^^ = 0.1224 Cg3(26) 
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C^  ^ = 0 .122^ C^ ; C^  g - 0.1224 C^ (27) 
Ct iph- °-^224 Cp^; C , ; ^ ^ - 0.1224 C^^ (28) 
Assuming ^20/1 of t h e I n i t i a l cos t of screw 
pump as t h e running cos t per yea r , t h e t o t a l 
cos t of screw punp, spread over a l i f e of 
15 y e a r s , us ing p r e s e n t worth method i s 
given by 
C^ . ^„ =1 0.178226 C „ t , s p sp (29) 
Also, on sudden l eakage i n t h e system, 
f r e sh s o l u t i o n of LiBr-H20 may be r equ i r ed 
for cha rg ing t h e system. 
Assuming t h a t tl'ie co s t of f r e sh s o l u -
t i o n i s n e a r l y 20^ of t h e i n i t i a l cos t of 
the Li3r-H20 s o l u t i o n , lising p re sen t worth 
method, t h e t o t a l cos t of LiBr-H20 s o l u t i o n 
per annum can be expressed as : 
'^ t , lw ' 0.17B226 C^^ (30) 
Inc lud ing t h e c o s t of L i3r s a l t and d i s t i -
l l e d wa te r needed t o charge t h e system, wi th 
lO/i of t h e t o t a l c o s t s of each p a r t in t h e 
L13r-H20 system, fo r f i t t i n g , i n s t a l l a t i o n , 
evacua t ion and cha rg ing , t he t o t a l cos t of 
Li3r-H20 system p e r year i s given by, 
C„„ V = l . l ( C . „v+C. +Cj. +C. ,+C. „ 
s y , b t , a b t , c t , e t , g b t , s p 
t , l w t , p h t , p c ' ' (31) 
and 
^ s y . s = l - l ^ C t , a s * ^ t , c * '^ t ,e*^t ,gs* '^ t ,sr , 
' " x b w * C t , p h * S . p c ) ^32) 
The net c o s t of LiBr-H20 system inc lud ing 
the cos t of coo l ing water and the source 
of energy p e r year i s g iven by, 
^st.b • %,h^^r^ (33) 
and 
C . = C +C +C 
E t , s s y , s Sf s 
(34) 
The c o s t s of h i g h - p r e s s u r e - s i d e system com-
ponents : condenser p lus g e n e r a t o r . 
Jh,b = ^t,c * "t,gb 
'h,s = ^t,c * t^.gs 
(35) 
(36) 
and t h o s e of l o w - p r e s s u r e - s i d e : evapora to r 
p lus a b s o r b e r , 
^ t , e * ^ t , a b 
C, + a t , e t ,as 
(37) 
(38) 
The o b j e c t i v e of t h e p re sen t work i s 
t o op t imize PL and PH corresponding t o t h e 
minimum c o s t s Cg-^.b ^^'^ '^st s ^ ° ^ biogas and 
s o l a r ope ra t ed sys tems , r e s p e c t i v e l y . Thus, 
t h e c o s t s Cs t , b ^^^ '^'st,s a re c a l c u l a t e d 
i t e r a t i v e l y fo r d i f f e r e n t values of PL a t 
f ixed va lues of PH, m. and twi- The same 
i s r e p e a t e d fo r d i f f e r e n t values of PH. Thus, 
t h e optimum va lues of PL and PH are obta ined . 
6. RESULTS. AND DISCUSSION 
The c o n c e n t r a t i o n of LiBr s a l t (X^) in 
t h e abso rbe r i s c a l c u l a t e d a t t a - t>,i + 
8.0 and t g - 7 .5 t o 8 .5°C. For h igh COP i t 
i s d e s i r a b l e t h a t low a b s o r b e r t empera tu ra 
and high evapora tor t e m p e r a t u r e be chosen. 
To avoid c r y s t a l l i z a t i o n in t h e p r e h e a t e r 
s h e l l , i f o p e r a t i n g a t t e m p e r a t u r e equal 
t o t a , t h e c o n c e n t r a t i o n X^ f o r t ^ i = 20°C 
i s c a l c u l a t e d a t t g - 2B°C and t e - 7 .5°C, 
and fo r t ^ i =• 25°C, t a - 33°C and t e =• 8.0 
°C i s chosen f o r MR = 6 , 8 and 10 . For tyi=r 
30°C, Xi i s c a l c u l a t e d a t t„ - 38°C and t g . 
8.0OC for MR = 8 and 10 . At MR - 6 and 
•^ wi = 30°C, c r y s t a l l i z a t i o n of t h e s t r o n g 
s o l u t i o n coming from t h e g e n e r a t o r , may 
t ake p l a c e a t t h e e x i t of t h e p r e h e a t e r [ 5 ] . 
The i n l e t t empe ra tu r e s of t h e hot 
water , from the o r d i n a r y f l a t c o l l e c t o r 
wi th one r e f l e c t o r v i a a s t o r a g e t a n k , t o 
t he g e n e r a t o r of t h e c y c l e i s l i m i t e d t o as 
high as 90°C, whi le t h a t from a t u b u l a r 
c o l l e c t o r i s extended upto llOOC. The i n l e t 
t empera ture of t h e hot p roduc t s of biogas 
i s assuned t o be 250°C w i t h a t empera tu re 
drop of 100 C a t t h e g e n e r a t o r - e x i t . The 
tempera ture drop i n t h e hot s o l a r water i s 
f ixed t o be 7°C, whi le t h e r i s e i n tempera-
t u r e of t h e coo l i ng -wa te r t h rough t h e con-
denser i s taken 10^0 and t h a t i n t h e abso r -
ber equal t o 7°C; w i t h a view t o keep lower 
tempera ture in t h e abso rbe r f o r b e t t e r COP. 
The space t o be a i r - c o n d i t i o n e d i s chosen 
to be mainta ined a t 25°C, where t h e c h i l l e d 
water a f t e r t ak ing space h e a t , e n t e r s t h e 
evapora tor a t 22°C and l e a v e s a t 15°C. 
With t h e above c o n d i t i o n s of t h e f l u id s 
flowing in t h e va r ious components, each of 
the system components a r e des igned f o r d i -
f f e r e n t va lues of PL and PH keeping i n view 
the heat t r a n s f e r and flxiid flow c h a r a c t e r -
i s t i c s . The a n a l y s i s i s r e p e a t e d f o r twi» 
20, 25 and 3G°C; s o l u t i o n flow r a t e s MR»*, 
a and 10 Kg/h pe r kg of r e f r i g e r a n t . In 
des igning t h e system components, t h e l eng ths 
of each component i s t aken as 1.0 m and the 
number of tubes of a g iven s i z e , and hence, 
d iameter of t he s h e l l i s c a l c u l a t e d . The 
tubes a r e arranged w i t h a t r i a n g u l a r p i t c h 
equal t o 25/i g r e a t e r t han t h e d i ame te r of 
t he t u b e . The nunber of 25/C cu t b a f f l e s in 
t he s h e l l a r e c a l c u l a t e d i t e r a t i v e l y wi th 
an a l lowable p r e s s u r e drop of 102. The tube 
i n s i d e d iameters a r e s e l e c t e d a f t e r i t e r a t i -
ve checking wi th an al lowable p r e s s u r e drop 
of not more than 10/!. The p r e s s u r e drop 
for t h e f a l l i n g f i lm in t h e abso rbe r w i l l 
be n e g l i g i b l e [13] hence , c o n d i t i o n s t o 
avoid f looding in t h e absorber t u b e s i s 
cons ide red . The g e n e r a t o r he igh t i s assumed 
t o have 20^ a d d i t i o n a l t ube and s h e l l a r ran-
gement f o r employing f l a t - p l a t e s t o ac t as 
s e p a r a t o r fo r t h e pure r e f r i g e r a n t vapour 
and t h e remaining a b s o r b e n t - r e f r i g e r a n t ' -
s o l u t i o n . ' • • • , • . 
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Yar ia t ion in c o s t s wi th PL 
Figure 2 shows p l o t s of Cb,Cs,Ct.e» 
C t . a s i C t . a b f C i . C s y . s . C s y . b . C s t . b and Cs t . s 
with PL fo r PH - SS.'* nm of Hg, MR - 8.0 
BLg/h pe r Kg of r e f r i g e r a n t , t^^ « 20°C anfl 
Xi - '•e.S 7., Xy - 56.5/C. As i s ev ident from 
the graph, t h e c o s t s of biogas and s o l a r 
c o l i a c t o r d e c r e a s e wi th PL, but t h e r e i s a 
cons ide rab le d i f f e r e n c e in t h e c o s t s of the 
frfo sources of energy. The cos t of absorber 
decreases w i th PL whi le t h e cos t of evapora-
t o r i n c r e a s e s w i t h PL; t h e a d d i t i o n of t he 
two c o s t s l e a d t o a t rough type curve Cj_ 
giving a minimvim cos t a t a c e r t a i n va lue of 
PL. This va lue of PL w i l l , t h u s , be t h e op-
t imum-low-pressure f o r t h e LlBr-H20 system 
at t h e given c o n d i t i o n s . S imi l a r p l o t s a re 
obtained fo r t h e totaJ . c o s t s of system and 
inc lud ing t h e opera t i i ig c o s t s , Cgy and Cgt. 
The a n a l y s i s i s r epea t ed for biogas and 
s o l a r c o l l e c t o r as t h e sources of energy. 
The d o t t e d l i n e d cviru'es a r e for b iogas 
operated sys tems. 
Figure 3 shows v a r i a t i o n s i n t h e cos t s 
with PH for PL = 8.9 mm of Hg, t h e o t h e r 
cond i t ions of Fig . 2 remaining same. There 
is a s l i g h t d i f f e r e n c e in t he cos t s of ab -
sorber when opera ted us ing d i f f e r e n t sources 
of energy ( F i g . 2 ) . The cos t s of s o l a r po-
wered g e n e r a t o r i s much lower than t h e one 
operated by us ing b i o g a s , as shown i n F i g . 3 . 
The e f f ec t of PL on the c o s t s of t h e 
system i s very high aa compared t o t h e cos t s 
with PK ( r e f e r P i g s . 2 and 3 ) . That i s , wi th 
a l i t t l e change i n PL from t h e optimum v a l -
ues, t h e c o s t s of t h e system inc reases r a -
p id ly . Hence, o p e r a t i o n of LiBr-HgO system 
at t he optimum va lues of PL i s h igh ly 
impor tant . 
Although t h e r e i s a l i t t l e e f f e c t on 
the c o s t s of t h e system wi th PH, ope ra t i on 
of t h e system, a t t h e optimum values of PH 
wi l l l e ad t o an economical system and b e t t e r 
performance. The opt:Lmixi values of PH fo r 
d i f f e r e n t values of lu^i and MR a re t a b u l a t e d 
below: 
Table 1 : Optimum VaJLues of PH i n am of Hg 
MR Bio-Kas s'rstem Solar system 
t ^ i - 2 0 25 30 
52 .5 
5 5 . ^ 
JUL 
68 .3 
6 4 . 8 
^ i - 2 0 25 30 
83.8 
68.3 
55.4 
49.7 
58 .4 
5 5 . 4 68.3 
49.7 68 .5 
8 
10 
The va lues of MR which l ead t o t he minimum 
costs of t h e system .are given in Table 2 . 
Table 2 : Optimum valLues of MR 
t . Bio-gas system 
^ 26 25 H r ~ 
Solar system 
20 M: 
MRo 8 8 10 8 10 10 
I t i s found through a n a l y s i s , t h a t t h e 
ODP of t h e LiBr-HaO system i s b e t t e r a t t h e 
Solut ion flow r a t e s (MRo) given in Table 2 
as compared t o t h e o t h e r va lue of MR. 
The v a r i a t i o n In t h e cos t s of t h e s y s -
tem wi th PL, f o r d i f f e r e n t values of t ^ i and 
a t the optimum values MRo ( t a b l e 2 ) , a r e 
p l o t t e d in Fig . 4. The d o t t e d - l i n e of c u r -
ves r e f e r t o t h e biogas ope ra t ed system 
while t h e cont inuous l i n e s r e f e r , t o t h e s o -
l a r opera ted system. I t can be seen i n 
F ig . 4 , t h a t t h e optimvmj va lues of PL f o r 
a l l va lues of t ^ i i s 8.9 mm of Hg, except 
fo r t h e s o l a r system a t t ^^ • 25°C, t h e 
optimum va lue of PL = 9 .2 mm of Hg. 
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ABST'FIACT 
Economic a n a l y s i s of NH3-H20, NH3-NaSCN, 
NH5-LiNC3 and HaO-LiBr vapour a b s o r p t i o n 
sys ter . s us ing d i f f e r e n t sources of energy 
have oeen c a r r i e d out t o opt imize t h e gene-
r a t o r , a b s o r b e r , condenser and evapora to r 
t e m p e r a t u r e s , and the r e f r i g e r a n t absorbent 
maps flow r a t i o s . The sources of energy 
se l3Cted for o p t i m i z a t i o n a re f l a t - p l a t e 
s o l a r - c o l l e c t o r , biogas and l i q u i f i e d p e t -
ro-ieun g a s . The given a b s o r p t i o n systems 
have oeen s imula ted and t h e i r components 
a r e l a s i g n a d us ing a compute r i zed-des ign-
p r o c e d u r e , and co r re spond ing ly t h e i r c o s t s 
e s t i ina ted . The t o t a l c o s t of a b s o r p t i o n 
system i n c l u d i n g the c o s t s of energy-source 
needed to o p e r a t e i t and coo l i ng -wa te r r e -
quired to cool t h e ccndenser and abso rbe r , 
i s t . .e o b j e c t i v e func t ion . Thus, t h e o p t i -
mua t empera tu res a re chosen cor responding 
to t n e minimum c o s t of t h e system. 
1. INTRODUCTION 
O p t i m i s a t i o n of g e n e r a t o r t empera tu res 
i n s o l a r powered antconia-water and l i t h i u m 
bromide-water a b s o r p t i o n systems have been 
done ^y Prasad and Gvtpta [ l ] , Prasad [2] and 
Alizadeh e t a l [ 3 ] . Ek:onomic e v a l u a t i o n of 
so lar -ammonia-water system has been c a r r i e d 
out by Sh i ran e t a l in [k]. Economic a n a l y -
s i s of b iogas fo r op t imiz ing g e n e r a t o r tem-
p e r a t u r e s i n l i t h i u m bromide-water system 
has been c a r r i e d out by S idd iqu i e t a l [5] 
= S ^ u^ i n NH3-H20, NH3-NaSCN, NH3-LINO3 
and LiBr-H20 svstems has been p re sen t ed by 
^ i c""^ i " [ 6 ] . None of t h e au thor s i n 
t h e above c i t e d r e f e r ences have cons idered 
the c o s t s of t h e a b s o r p t i o n sys tems . Most 
Of them have cons idered t h e c o s t s of fue l 
°^wfTv^fef *^« ^ys^e'^ v a r i a b l e s ? 
«„^v ^ ^ ^ ^'^ view> * ^ condenser , a b -
l ° l Z l ^^^P°>^^^or and g e n e r a t o r t e m p e r a t u r -
min?mu! 5 ^ ^ " °Ptini ized cor responding t o t h e 
minimum t o t a l c o s t s of t h e a b s o r p t i o n s y s -
tem, fue l needed t o o p e r a t e i t and t h e coo-
: ^ ? ? : r Required t o r e j e c t hea t s of ab -
s o r p t i o n and condensa t ion . Economic a n a l y s i s 
of b i o g a s / s o l a r opera ted LiBr-HaO a b s o r p t i o n 
s y s t e n s has been ca rx i ed out by S i d d i q u i i n 
[ 7 ] . The procedure fo r t h e des ign of LiBr-
H2O a b s o r p t i o n system has been p r e s e n t e d i n 
[ 7 ] , and c o s t of t h e system i s then e s t i m a -
t ed depending upon t h e m a t e r i a l r e q u i r e d 
and the amount of l abour needed t o f a b r i c a t e 
i t . In t h e p r e s e n t paper , t h e work done by 
the same au thor i n [7]< i s extended f o r four 
vapour a b s o r p t i o n c y c l e s , t h a t i s NH3-H2O, 
NH3-LiN03, NH3-NaSCN and LiBr-H20 sy s t ems . 
2 . MATHEMATICAL MODELLING 
The working p r i n c i p l e of a b s o r p t i o n 
cyc les and t h e mathra ia t ica l equa t ions formu-
l a t e d , a r e given in r e f s [ 5 - 7 ] . S ince i n 
l i t h i u m bromide-water sys tem, pure wa te r 
e n t e r s t h e condenser , t h e c o n c e n t r a t i o n of 
l i t h i u m bromide s a l t i n t h e condenser -evapo-
r a t o r c i r c u i t i s z e r o . Also , in NH3-NaSCN 
and NH3-LiN03 systems because t h e i r a b s o r -
bents a r e s o l i d , pure ammonia vapour w i l l 
flow in t h e condense r -evapora to r c i r c u i t . 
Hence, c o n c e n t r a t i o n of ammonia i n t h e con-
d e n s e r - e v a p o r a t o r c i r c u i t i s t aken u n i t y . 
In NH3-H2O sys tem, s i n c e bo th water and amm-
nia a re v o l a t i l e , dephlegmator and r e c t i f i e r 
a re used t o s e p a r a t e ammonia vapour . In a 
p r a c t i c a l NH3-H2O system, about 9a-99 7. of 
ammonia vapovir e n t e r t h e condense r -evapora -
t o r c i r c u i t . But, i n t h e p r e s e n t s t u d y , f o r 
s i m p l i c i t y i t i s assumed t h a t pure ammonia 
e n t e r t h e condense r -evapora to r c i r c u i t . In 
t h e des ign of dephlegmator and t h e r e c t i f i e r , 
p r o p e r t i e s of ammonia wa te r mixtures a r e 
used. 
3 . PROPERTY EQUATIONS 
The thennodynamic p r o p e r t y equa t i ons 
fo r pure water a r e t aken from [7J and t h o s e 
fo r LiBr-H20 s o l u t i o n a r e t aken from ASHRAE 
[ a ] , and f o r NH3-NaSCN and NH3-LiN03 from 
F e r r e i r a [ 9 ] . The l i q u i d en tha lpy equa t ions 
fo r pure ajmonia, pure water and NH3-H2O mix-
t u r e have been t aken frcm [6 and 1 0 ] . The 
vapour en tha lpy equa t ion fo r NH3-H2O mixture 
i s c a l c u l a t e d from 
h 
m,v 
y h ^ + (1-y) h 
v,a v,w 
(1) 
The concentration data of ammonia vapour(y) 
are correlated in terms of pressure and con-
centration of liquid ammonia in the form 
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given below : 
x^ + a,x^+ a.x + a, x5. 
a^x° + (a^+agX) xP (2) 
The constants HQ to ag for different condi-
tions of pressure and concentration are gi-
ven in [ll]. The superheated enthalpy equa-
tion of pure ammonia vapour is taken from[5], 
The data of various properties of pure 
amnonia and acquous anmonia, taken from 
standard references given in [ll], are cor-
related as follows : 
^1 a='^ '^ '°'55-6-26P-0.22l+6T+O.4A655E-3T^  (3) 
^ ^ ^ a ^ . 21388+287. 5 5 P / T - 1 9 0 6 1 5 1 . 5 / T ' + O . 2 7 9 3 E 
+26/1^^-0.255E+26 P^/T^^ (4) 
^ 1 , av'^C-75-7^9S*0. ^22^S-lTi -10 .05-23.26^x) 
-K).909S-01T^(0.523E-3-0.248E-lx) 
fo r [O.O < X < 0 .5] (5) 
P^ _ 3^=1000.5S-U32. 8451 +1. 89T-0,5'425E-2T^ 
fo r [0 .5 i X < l . o ] (6) 
^ , a w = - ^ v , w ( l - y ) * y ^ , a (7) 
>ij_^ g = C.9BE-3 exp(-0.67E-2T)-fO.785E-4 (8) 
}X^^^ = 5 .25^ E>-6 exp(0.2398E-2T)+4^9.381 
E-6/T-1.7658&-l/T^ (9) 
>^,aw= ^^^ ' ^ 10 p^^^^il-x)p^^^^2{l-x)xG^^] 
(10) 
wnere G]_2 i s an a d j u s t a b l e parameter nor-
mally oDtained from e:icperimental da t a [12] 
whicn are r e l a t e d as follows : 
G^2 = 1.5^24 - 0.9968(5a6E-2 T ' (11) 
K-|__g= C,435 exp(-0.2736E-3T)i .24.39/T 
^ 2 3 1 C . 8 5 5 / T 2 (12) 
^^v,a= 33.56E-3 exp(-l6464A.B3/r^)-f0.643/T 
-555.6377/T^+39735.36B/T^ (15) 
^l ,aw= t ' i , ^ ( l - C . 8 S 5 x) (14) 
C^  ^ =4.uAi_0.5053-2T+0.21567S-4T^ ( I5) 
^ • , a =i• 9556+0.7S88S-AT+0.403E-A T"^'^ (16) 
, aw 
=4.1519-0.43l6E-2x+(0.30345S-3x 
+C.239E-4)(T-273. l6)-0 .349E-6x 
(T-273.15)^ (17) 
4. RELATIONS .^TDR OOTAINING VARIOUS COSTS 
The variot is manxifacturing p rocess cos t s 
for d i f f e r e n t s i z e s aind n a t u r e of s t a i n l e s s -
s t e e l jobs a re c o l l e c t e d from t h e l o c a l mar-
ke t wcrKshops and c o r r e l a t e d as fo l lows : 
Cuxting p r i c e for p ipes us ing hacksaw: 
?^^=26.88 d°-^5 .^^555 ^ g ^ 
Cut t ing p r i c e of f l a t p l a t e s using 
hacksaw, pe r metre l e n g t h : 
Fpj. = 21.55-4.4-S+3th-5.56E*4 th^ (I9) 
C-5t of drillzn,; holes la flat p l a t e s : 
Fpx= 22.77 thO.64 + 27.2 d (20) 
Cost of bor ing ho les i n p ipes : 
F^^=798.6Ath-0.07+(l .6+19.4E+3th)d (21) 
Cost of a rc welding pe r metre l e n g t h : 
(22) F^^ =. 31.0 wd°'^ + 0.25 
The c o s t s of v a r i o u s s i z e s of screw 
type pump, used t o pump s o l u t i o n from t h e 
absorber t o t h e g e n e r a t o r , a re c o r r e l a t e d 
in t h e form given below: 
^sw ' 5040.59 PW 0.4 (23) 
The cos t of s t a i n l e s s s t e e l p i p e , s t a i -
n l e s s s t e e l p l a t e , M.S. s h e e t . Aluminium 
s h e e t , G . I . p i p e , copper p ipe and glasswool 
according t o year 1988 market r a t e a r e r u p -
ees 6 0 . 0 , 5 0 . 0 , 1 5 . 0 , 2 0 . 0 , 3 0 . 0 , 160.0 and 
^.C respectively, per kilogratn weight. 
The c o s t s of s o l a r c o l l e c t o r s a r e 
es t imated a f t e r c a l c u l a t i n g t h e m a t e r i a l s 
r equ i r ed and cos t of f a b r i c a t i n g and i n s t a -
l l i n g them. 
The break-up of t h e c o l l e c t o r - c o s t s 
a re given in [ l l j . 
The cos t of an o rd ina ry f l a t p l a t e 
c o l l e c t o r wi th two g l a s s covers and s e l e c -
t i v e coa t i ngs having an a rea of 2m2 come 
out t o be Rs .4380.0 . The cos t of 2m2 a r e a 
r e f l e c t o r i s c a l c u l a t e d as Rs .928 .0 . The 
cos t of a 0 .18 m3 s t o r a g e tank having d i -
mensions ($=0.5 m, H =0.92 m) come out as 
Rs .2318.0 . 
Thus, t h e cos t of f l a t - s o l a r c o l l e c t o r 
with a r e f l e c t o r and s t o r a g e t a n k , adding 
207« as t h e overhead payments and 107. as t h e 
i n s t a l l a t i o n cos t s of t h e c o l l e c t o r - r e f l e c -
t o r - s t o r a g e tank assembly, can be expressed 
as : 
C o s , c = ^ 5 5 7 A ^ (24) 
S i m i l a r l y , t he running cos t of t h e c o l l e c t o r -
r e f l e c t o r - s t o r a g e tank system, wi th 57» dep-
r e c i a t i o n and 2.5yi r e p a i r and maintenance on 
the c a p i t a l cos t and y e a r l y cos t of paint ing 
and e l e c t r i c a l power consumption, i s w r i t t e n 
^a s .y = 5 3 6 . 5 A^ (25) 
The cos t of 2m2 area t u b u l a r c o l l e c t o r s 
(Owens- I l l eno is model [ l 3 ] ) , having 16 tubes 
in p a r a l l e l on one module i s e s t ima ted in 
[11] and w r i t t e n a s ; 
^ t s , c = 1 ^ ^ 1 ^ (26) 
and t h e running c o s t s on t h e t u b u l a r c o l l e c -
t o r s a r e expressed as 
^ t s . y = 1 8 8 9 . 0 A^ (27) 
Cost of L iqu i f i ed Petroleum Gas 
The i n i t i a l c o s t of g e t t i n g LPG conn-
ec t ion a long with a c y l i n d e r , a r e g u l a t o r 
and a connect ing t u b e from t h e l o c a l govern-
ment agenc ies i s : 
^ p , c • ^50.0 (28) 
The weight of LPG suppl ied in t h e 
cy l i nde r i s 14.2 kg, which a t 16.57 ba r and 
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^~Z IS eauxvalent t o 0.39 m5. 
The above /oluiae of L?G a t atmospheric 
presstjre </ill oe e a u i v a l e n t t o o.^m^. One 
c / l i n a e r of LPG i s supp l i ed a t Rs.57.C by 
the l o c a l agencies which w i l l be equal t o 
Rs .8 .9 per cubic metre of LPG. Thus, t he 
running c o s t ' o f LPG per year fo r 15 hours of 
d a i l y ope ra t i on can be exi)resaed as : 
= tK>,2&0 V, (29) 
^ p . y " ' ^ ' - - ^ ' i p 
The ecua t ions for t he c a p i t a l and i-unning 
cos t s of biogas a re taken from [5] and w r i -
t t e n as : 
a = 16,967 V °-J°^ (30) 
^g ,y- '5°^ V (^ ^^  
The c o s t s of burners depending upon t h e i r 
d i a a e t e r a r e c o l l e c t e d from t h e l o c a l supp-
l i e r s ard r e l a t e d as foiJows : 
LPG o u m e r s 
' o , l p = ^6-023 + 10L5.3 d^ , (32) 
biogas burners 
S . b g = ^«-27 - 9 9 8 . 5 d^ (33) 
The diameter of t h e burners a r e chosen 
equal t o t n e d iameter of t he g e n e r a t o r s h e l l , 
so t h a t t he burner f i t s in t he s h e l l and 
p rcv-aes flame i n t he e n t i r e d iaraetera l a rea . 
The average cos t of rubber gaske t s fo r 
p rov id ing s e a l a t t h e J o i n t s i s taken as 
RS.5.C pe r kilogram weight . 
The c o s t s of the var ious r e f r i g e r a n t s 
a.na absorbents pe r ki logram weight , are 
taK3" c r t h e b a s i s of t he year 1988 market 
r a t e . 
The a rea of s o l a r c o l l e c t o r , volume 
of Diogas and LPG requ i r ed to o p e r a t e a 1 
ton c a p a c i t y abso rp t ion system a re c a l c u l a -
ted from the fol lowing r e l a t i o n s : 
n^ = 1.2 Q^/(COP . Qg) (34) 
b^g = V^^^^ • Sg> (^5) 
i^p = V ^ ^ ^ • ^p^ (36) 
The numerical va lue ( 1 . 2 ) in Eq. 33 
r e ? r 9 s e n t s 207. i n c r e a s e i n area f o r t h e s t o -
rage tank dur ing o f f - sunsh ine d u r a t i o n s . 
Tne useful heat a v a i l a b l e from t h e s o l a r -
c o l l pc to rs in t he g e n e r a t o r of t h e absorp-
t i o n system i s c a l c u l a t e d from t h e e f f i c i e -
ncy equat ions given by Ward and Loeff [l^]. 
For, U = 3 .86 , F ' = 0.95 and m C = 4 . 0 , 
the t r a n s m i s s i o n - a b s o r p t i o n and t h e heat 
removal f a c t o r s come out t o be 
la = 0.85 and Fn 0.795 ^ R - - ' - (37) 
Thus, t h e u s e f u l heat from t h e s o l a r c o l l e c -
t o r s , us ing a i r as t he working f l u i d , may be 
expressed as : 
0.975 S - 4.427 (T -T ) 0 a (38) 
* i t n m Cp = 9 0 . 0 fo r water i n p l a c e of a i r 
in t h e c o l l e c t o r s , useful heat from t h e t u -
b u l a r c o l l e c t o r s may be c a l c u l a t e d from 
G, = 0.8233 S - 3.739 (T„-T^) (39) 
and t h a t from an ord inary f l a t - p l a t e c o l l e c -
t o r with tvo g l a s s covers and s e l e c t i v e c o -
a t i n g can be obta ined from : 
Qg - 0.8156 S - 13.665 (T^^-Tg) (40) 
where, To i s t h e t empera ture of thrf working 
f lu id a t the e x i t of the s o l a r c o l l e c t o r , 
and S i s s o l a r f lux on an i n c l i n e d s u r f a c e 
(3 = L). 
The average va lue of s o l a r f lux from 1 Apr i l 
t o October 31 i s c a l c u l a t e d fo r Al igarh 
(27°5 N l a t . , 78°4 E l o n g . ) which come out 
t o be 9 
S = 2436.577, kJ/hm^ (41) 
The liseful energy a v a i l a b l e from LPG and 
biogas can be expressed f u n c t i o n a l l y , a f t e r 
so lv ing the combustion equa t ion as : 
Q^  = 102649.54-39.455 T-9.0155 E - 3 T ' ^ (42) 
a = 17650.37-12.6451-1.7546 & - 3 T ' 2 (43) 
5 . RESULTS AND DISCUSSION 
The aoso rp t ion system components a r e 
designed us ing the procedure given in [ 7 ] . 
The r e c t i f y i n g column fo r t h e NH3-H2O s y s t -
em i s des igned using t h e method given in 
[15] fo r s i e v e - t r a y tower and the r a d i a t i o n 
heat t r a n s f e r m the g e n e r a t o r i s c a l c u l a t e d 
using the method developed in [ 1 6 ] . F igures 
(1 t o 4) show p l o t s between the abso rbe r 
and evapora to r t empera tures fo r d i f f e r e n t 
c o n c e n t r a t i o n s of t h e l i q u i d ammonia and 
l i t h ium bromide s a l t i n t h e absorber . The 
absorber t empera tu re (Ta) i s taken 8°C h i -
gher than t h e cool ing water t empera tu re 
(T^j_) [ 7 ] . The va lues of Xi, X7 and MR f o r 
t h e LiBr-H20 system in [7] a re chosen app-
r o p r i a t e l y t o avoid c r y s t a l l i z a t i o n . To 
have a s i m i l a r i t y in t h e a n a l y s i s , t h e same 
tempera tu res fo r t he given values of MR in 
[ 7 ] , a re used t o c a l c u l a t e t he values of 
Xl and X7 f o r the o t h e r absorp t ion systems 
under s t u d y , ope ra t ing in t h e a i r c o n d i t i o n -
ing (A/C) mode. For t h e ammonia a b s o r p t i o n 
systems o p e r a t i n g in t h e r e f r i g e r a t i o n mode, 
t h e c o n c e n t r a t i o n s of ammonia l i q u i d Xi and 
X7 a re s e l e c t e d cor responding to Ta » T^i 
+ 8.0 and Te = -15°C. The space t e m p e r a t u -
r e for t h e a i r c o n d i t i o n i n g mode i s t a k e n 
t o be 25°C, whereas , f o r t h e r e f r i g e r a t i o n 
mode, i t i s t aken as QOC. 
The t empera tu re of t h e hot f l u i d frran 
t h e t u b u l a r c o l l e c t o r , e n t e r i n g t h e g e n e r a -
t o r i s assumed 110°C [7] f o r t h e A/C mode. 
For t h e systems ope ra t i ng i n r e f r i g e r a t i o n 
mode, s i n c e high g e n e r a t o r t empera tu res a r e 
r e q u i r e d , t h e temperat \ j re of t h e hot f l u i d 
en te r ing t h e g e n e r a t o r i s taken as 145<^C. 
The i rJ .e t t empera tu res of t h e hot p r o d u c t s 
of LPG and biogas fo r bo th A/C and r e f r i -
g e r a t i o n modes a re assumed t o be 2500C [ 7 ] . 
The t o t a l cos t of t h e absorp t ion s y s -
tem plus t h e c o s t s of t h e fuel and t h e coo-
l i n g water : Cgt S' ^ s t . b g as in [7] and 
CEt, lp ai^e c a l c u l a t e d f o r d i f f e r e n t v a l u e s 
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of Tc and Tg keeping Xi.Xy and MR f i x e d . 
F ig . 5 shows t h e v a r i a t i o n in t h e cos t 
(Cgt s) ^'i't^ Te f o r t h e four abso rp t i on 
cyc les ope ra t ing i n t he A/C mode and t h e 
t h r e e annonia c y c l e s ope ra t ing i n t h e r e f -
r i g e r a t i o n mode. I t can be seen in F i g . 5 t 
t h a t t he cos t of s o l a r opera ted LiBr-H20 
system i s t h e lowest whereas, t h e cos t of 
solar-ammonia-water system i s t h e h i g h e s t ' 
fo r both t h e modes of o p e r a t i o n . In t h e 
k/C mode, t h e optiaiun evapora to r temperatxre 
i s h ighes t i n case of IJ.Br-H20 system, whe-
r e a s , i t i s lowes t i n case of NH3-LiN03 and 
NH3-NaSCH sys tems . 
Figure 7 shows va i ' i a t i on i n c o s t 
( C s t , s ) wi th Tc fo r t h e d i f f e r e n t ab so rp t i on 
cyc les o p e r a t i n g in t he k/Q and t h e r e f r i g e -
r a t i o n modes. I t can be seen f rca F ig . 7 , 
t h a t h igher condenser and g e n e r a t o r tempera-
t u r e s a re r e q u i r e d by t h e LiBr-H20 and NH5-
LiN03 systems f o r optiimjm cond i t i ons i n t h e 
A/C mode. 
Figure 6 shows t h e v a r i a t i o n i n t h e 
cos t of the abso rp t ion systems (exc lud ing 
t h e cos t s of fue l and coo l ing -wa te r w i th Tc 
fo r d i f f e r e n t sources of energy. I t can be 
seen t h a t t h e r e i s a cons ide rab l e d i f f e r e n c e 
in cos t between va r ious abso rp t ion systems 
using d i f f e r e n t sources of energy. This 
i s mainly because of t h e e f f ec t on t h e c o s t s 
of t h e g e n e r a t o r . 
Figure 8 shows v a r i a t i o n s i n t h e t o t a l 
c o s t s of t h e system which inc lude t h e c o s t s 
of t ne fue l and cool ing water . Here, on 
a d i i t i o n of t h e f u e l - c o s t , t h e v a r i a t i o n s 
in t he t o t a l c o s t s are something d i f f e r e n t 
than what i s seen i n F ig . 6. The cos t of 
biogas opera ted LiBr-l-l20 system now becomes 
cheapest i n p l a c e of s o l a r opera ted LiBr-
H2O system. 
NOMENCUJURE 
As Area of s o l a r c o l l e c t o r (m ) 
d Diameter (m) 
F F a b r i c a t i o n cos t ( i n rupees) 
F' C o l l e c t o r e f f i c i e n c y 
FR Keat removal f a c t o r 
L L a t i t u d e ang le (degree) 
mC Keat c a p a c i t y (kJ/hOC) 
Prt' Capacity of solul ; ion punp (KW) 
T Temperature ( K e l v i n ) , T ' i n °Z 
t h Thickness of p l a t e (a) 
Ul Loss c o e f f i c i e n t from the s o l a r c o l l e c -
t o r (W/m2 oc) 
wd Length of weld (m) 
X Concent ra t ion of LiBr s a l t (%) l i q u i d 
ammonia pe r ki logram weight of s o l u t i o n 
X^,Xy Concent ra t ion in t he absorber and ge -
n e r a t o r r e s p e c t i v e l y 
Y Concent ra t ion of ammonia i n t he vapour-
phase (weight pe r Kilogram of t h e 
mixture) , 
f Density ( K K / B ^ ) 
;i V i scos i t y (Kg/m-s) j 
P I n c l i n a t i o n of s o l a r c o l l e c t o r ( s o u t h 
fac ing) 
(J I n s ide d iamete r 
Subsc r ip t s 
aw ammonia-water 
b burner 
bg biogas 
c condenser/capital 
e evaporator 
g generator 
1 liquid 
Ip liquified Petroleum gas (LPG) 
m mixture 
0 optimum 
05 o rd ina ry s o l a r c o l l e c t o r 
8 s o l a r c o l l e c t o r 
sw screw type 
s t t o t a l cos t of system p l u s o p e r a t i n g 
c o s t 
sy system cos t 
t s t u b u l a r s o l a r c o l l e c t o r 
v vapour 
w water 
y y e a r l y 
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2.-5 ECONOMIC ANALYSIS OF AMMONIA-SOLAR ABSORPTION CYCLE 
M. Altamush Siddiqui 
Department o-f Mechanical Engineering 
Aligarh Muslim University, Aligarh<India) 202002 
Abstract lEconomic analysis oi Ammonia-water vapour fihsorptJon =v&tem U=J1I U 
&Dlar energy has. been carried out to optimise the gpnprrxtor , <ata%oi tje=r , 
condenser and evaporator temperatures, and the rGfriger<^nt abcorherit T.(-, 
•flow ratios. The NH^-H2D absorption system components i ab "ior b cr , ccind&n£&.-r , 
evaporator, generator, dephlegmatot , recti-fier, precooler and preheatei U„i.f 
heon dsHJigned using a computeri3ed-design-procedure, and correspond)nqlv 
their costs, estimated. The total cost of absorption system jncludinq Ht 
costs o-f solar collectors needed to operate xt and cool ing-wr^t Gf required a 
cool the condenser and'absorber, li the objective -function. Thus, the- oDtimum 
opercjtmg parameters are chosen corresponding to the minimum co'^ i o-f i-'it-
system including its operating cost. 
1. INTRODUCTION 
Optimisation o-f generator teiiiperatures in solar powered ammDni a-w,?Lt>r 
&y<bLem have been done by prasad and GupLa m , Prasad r21 -iiid ftli^avhh .^ t ,1 
f3n.economic evaluation of sol ar-ammoni a-watpr •=iy5tem has be-en ct.irrjt-'d oi^t t> v 
Bhiran et al in C43.Economic analysis of biogas. f o r op t im iz ing nt>nt( ^ I ir 
temperatures in NH-,-H^O system has been presented bv Ciddiqui in t63. rion f 
the authors in the above cited references have considered the' cdst^- of t he 
dh&orplion '=iystf?ms. Most of them have considered the trosf^-i of fun] n 
optimi;:ing the system variables. 
With Ih is in view, the condenser, absorber, evaporator and qtnprdt .n 
temperatures have been optimized corresponding t o the minimum t o t j l c o->t ^ of 
t^)e absorption System, f\rssL of solar collector needed to operate i t arid rhe 
cooling-water requirecTto dissipate the heats of absorption and condpnc^^l L JU-
Economic analysis of four absorption systems using bioga'i, LP& and - r 1 cir 
energy have been carried out by Siddiqui m t7 and 8 1 . The procedure -fat i-hp 
design of absorption systemB has been presented in C/ and 83 and thenr c c i ' 5 
are then estimated depending upon the material required and thp amount jf 
labour needed to fabr icate i t . 
2. MATHEMATICAL MODELINB 
The working pr inciple of absorption cycles and the mathematjral t."qu.<t j ' . i i 
formulated, are given in refs [5-73. In NH-^ -H^O system, s ince both wo't r^,d 
ammonia are v o l a t i l e , dephlegmator and rec t i f i e r are used to :-e(jAf ni f jfriKJUit-i 
vapour. [n a practical NH-T-H-,0 system, about 98-99'/. of ammcnia .'^pom- '<^ t't 
the condiynssir-Bvaporator c i r c u i t . But, in the present study, fof s ^ n i p l i ^ j t . 
i t IS assumed that pure ammonia enter the condenser-evaporator c i t c u i ' In 
the design of dephlegmator and the r e c t i f i e r , p rope r t i es of ammonia. w=-.t^ r 
mixtures are used. 
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The l i q u i d 6?nth£»lpy e q u a t i o n s -for p u r e ammonia, pure> wa te r rfnd rJH^ H ,^0 
m i x t u r e have been t a k e n -fram lb and 9 J . The vapour e n t h a l p v ' e q u a t i o i +Dr 
NH--H2Q l u x t u r e arid t h e c o n c e n t r a t i o n e q u a t i o n o-f ammonia vapour w j n 
t e r m s af p r e E S u r e and c o n c e n t r a t i o n o-f l i q u i d ammonia a r e t a l e n from CB ^r^d 
103. The s u p e r h e a t e d e n t h a l p y e q u a t i o n o-f p u r e ammonu vapour i s ^-al-er. '•rom 
C63. 
The o t h e r p r o p e r t y e q u a t i o n s such a s d e n ^ j i t y , vi'-.co'vi t / , t h p - m j l 
c o n d u c t i v i t y , sppcl-fii_ h e a t and su r - f ace t e n s i o n 0+ p u r e ancj mi l u r p o i-f 
aninionia and w a t e r a re ' t a k e n -from C83. 
The c o s t s 0+ Sjolar c o l l e c t o r s a r e e s t i m a t e d a-fter ua l cul a+j n _i • hr-
m t i t e r i a l s r e q u i r e d and c o s t o-f - fc»br ica t ing and i n s t a i l i n q them. 
The b r e a k - u p o-f t h e c o l l e c t o r - c o s t s sirs a=i - fo l lows : 
Pl'iii D a r y - f l a t - p i a t e c o l l e c t o r w i t h two g l a s s c o v e r s and a e l EH tji_ v e. j . o a i 1 n u ; 
(For c o l l e c t o r a r e a of 2 m 
'J 
M . S . s h e e t (I'm*" x 1 mm) 
G.I. pipe ( =0.0158 m and 20 m length) 
G.I. pipe ( =0.03176 m and 2 m length) 
G.I. elbow ( =0.0158 m, 5 No&.) 3 Rs.9 each 
G.I. Tes ( =0.03176 m, 2 Nos. ) 3 Rt,.35 each 
Glass wool (15.5 kg) " 
riywood (2.6 m^) S Rs. X61.5/m-^ 
Gla';a sheets (2m^, 2 Noa.) ^Rs. 2a6/m-^ 
Selective coating 
water pumps 
Supports -for the collector 
Total cost o-f material 
Ta;< on the material a) 7'/. 
Fabrication o-f 2m collector 
(ta( en as 157. o-f material co-=5t) 
A<^ .Bembly, •fitting and piping 
Total cost u-f 2m''' collector 
Re-f 1 actor i 
Aluminum Sheet (2m'' X 1mm) =^Fvs. 1 1 ' ) . 
Plywood (2.3 m ) -Re. ""/D.I 
Side -frame and supports --Re-. 2<"i." 
Total cost D-f material ~R^ . 67".' 
TaK on the material 3 7V. --Ps. 47. t 
Fabrication o-f 2m'' re-flector "iR^ - -"" ' 
Total cost o-f 2m'' size re-flector =R'=.- "VIB 
Gtor age t ank : 
Tanl Bisf ( =0.5 m, H =< 0.92 m) -o.lB n. 
Insulation (0.15 m thick, 25 kg ) -=R.-,. ] n, 
M.S. sheet (55 kg) =Mi__6.^-J^_ 
Total cosit n-f material - R G . I y?''). • 
-R« 
-R'= 
--h^ 
- F s 
=R = 
- R s 
3 £ t , 
= R=^ , 
,'U> . n 
t 5 ' > . « 
J ( > " . \i 
- - ] - , < ) 
: > 4 
""i 1 -
- ' ) ( ' . 
4~q ) 
Ta,x on t h© m a t e r i a l (7'/.) 
F c i b r - i c a t i o n , p i p i n g and f i t t i n g 
( t a h e n as 20'/. o-f t h e m a t e r i a l c o s t ) 
T o t a l c o s t o-f 0 . 18 m"" s t o r a y s t a n k 
--Rs. 'iSr-.> 
From t h e abov t i c o s t - a n a l y s i s , t h e t o t a l c o s t o f a 2 m*- sr e;» n r d i n - j r . 
c o l l e c t o r h a v i n g t w o g l a s s c o v e r s , a r e + l e c t o r and a s t D r a g e tan i - corne'^ JUL 
t o bK Rs. 7 6 2 6 . 0 
Addinc) 20 V. o-f t h e «bovB c o s t -for o v e r h e a d c h a r g e s and 1(> '/. for 
i n s t a l l a t l a n o-f t h e -systpm, t h e c a p t t i i l c o s t o f f l a t p l a t e c o l l e c t o r C-^P bp 
e x p r c B B e d i n t e r m s of c o l 1 e c t o r ' a r e a as i 
C. . ^ « 4937 A„ 
> , C K 
Running, co«it of, d :gm'^  flat Plata c ol lector; 
De^precj ati Lrn on the equipment (57.) 
Painting and cleaning 
Repair and Maintenance <2.57.) 
Power consumption by pumps 
Total cost 
T h u s , r u n n i n g c o s t per m'' a r ^ a i n e x p r e s s e d as : 
E v a c u a t e d T u b u l a r c o l l e c t o r s COwens-111 e n o i s model C U 'J ) 
--R->. 
- R s . 
=Rs. 
I 1 
1 ,•!-'-
Copper tubra dimen<: i ions 
I n n e r t u b e ! = 6 . 3 5 mm, 
mm. 
t=» t = 0.76mm 
t * 0 . 8 1 3 mm Ou te r tube? ; - = 1 2 . 7 
L e n g t h s 0 . 9 5 m 
Number o f t u b e s i n one m o d u l e : 8 + 8 =16 
G l a s s t u b e ( c o r n i n g ) : 65 mm, t »3 mm 
X n s u l a t i t i g b l o c k ( P o l y u r e t h a n e foam) i = 55 mm, length 
Copper for one tube-set (o.9'?75 |<g) 
Silicon rubber ("37 gm) 5) Rs. 7S/~ per kg 
Polyurethane^ (170 gm)" » Rs. S0/~ per kg 
Corning glass tube (1.43 kg) 5) Rs. ?.00/-per kg 
Steel end plate (0.046 kg) 5) Rs. 50/-per ig 
Total cost of material for one tube-set 
6<i mm 
- -P - i . 
-K i5 . 
-Fv&. 
= K s . 
=-Rs. 
1 5"V. 
Z. 
6 . 
f-sr, 
-> 
t 
a 
r. 
-
=f=5. 4Cifi.4 
Assuming t h e c o s t s o f f a b r i c a t i o n and e v a c u a t i o n o f eachy t u b n e q u c i •* Q 
t h e c o s t o f m a t e r i a l f o r one t u b e - s e t , t h e t o t a l c o s t o f 16 t n b n ; ; , u i n e 
madu lp o f 2m2 a r e a , comes o u t t o be 
A lum inum s h e e t o f s i z e ( 2 , 1 (n-' 
S u p p o r t f o r c o l l e c t o r 
S t o r a g e tanV ( 0 . 7 6 m"" s i n e ) 
"jub t o t a l 
1 mm) 
Assuming 20 '/. overhead cViarge'^  and lov. installation additiund 
tho sub total will be 
S o l u t i o n pump -for pumping h o t or g a m c - s o l u t i on i n t h e g e n e r a t o r 
Blower (-for a i r a s t h e work ing - f lu id) ^ ^ .^ H'llLu*.' 
T o t a l c o s t -for a 2m module - Rs . ^ 8 8 8 2 . i' 
^ t s . c ' 1^^^^^ «s <"' 
Tht? volume of t h e s t o r a g e t a n k -for t u b u l a r c o l l e c t a r s is. t a l en d o u b l e iYr-
s i z p o-f t h e t a n k u s e d w i t h t h e o r d i n a r y - f l a t - p l a t e co l l&v-tnr s . taei au ;f> tt 
t e m p e r a t u r e s h i g h e r t h a n 100 degC, a i r i s u s e d a s t h e worl- ing - f lu id bpcd i^-^ f-^  
o-f c e r t a i n d e s i r a b l e a d v a n t a g e s t l 2 ] . 
The r u n n i n g cos t& on t h e t u b u l a r c o l l e c t o r sre eBt ima tc i J a'^  -folJuws : 
* D e p r e c i a t i o n on t h e e q u i p m e n t (107.) - h s . 1'+6111-!. 
* Repa i r and m a i n t e n a n c e (1'/. C133> =R%. i44-"i, 
* R o w e r c o n s u m p t i o n b y b l o w e r - h s . ' . in.< 
(-for t h e 1 m sre^ c o l l e c t o r a n d t h e g e n e r a t o r ) 
T o t a l r u n n i n g c o s t Ji = P s . 188^ ' 
Thu-s , t h e r u n n i n g c o s t o n t h e t u b u l a r c o l l e c t o r may b e w r i t t e n a s : 
t s , y s 
T h e Area o-f s o l s r c o l l e c t o r r e q u i r e d t o o p e r a t e a 1 t o n c a p a c i t v 
a b s o r - p t i o n s y s t e m are c a l c u l a t e d -from t h e f o l l o w i n g r e l a t i o n : 
Ag = 1 . 2 Q p / ( C O P . a ^ > ^5^ 
T h e n u m e r i c a l v a l u e ( 1 . 2 ) i n E q . 3 3 r e p r e s e n t s 2 0 7. i n c r e a s e i n cir f-a r - r 
t h e s t o r a L j e t a n k d u r i n g o - f - f - s u n s h i n e d u r a t i o n s . T h e u s e h e a t d v a i K i o l e -fturr 
t h e s o l a r - c . o l 1 e c t o r s i n t h e g e n e r a t o r of t h e a b s o r p t i o n s y s t e m i s uril c u l s t p d 
•from t h e o - f - f i c i e n c y e j q u a t i o n s g i v e n b y Ward a n d w a r d [ 1 2 1 . 
F o r , U= 3 , 0 6 F ' = - 0 . 9 5 a n d m C = 4 . 0 , 
t h e t r a n s m i s s i o n - a b s o r p t i o n a n d t h e h e a t r e m o v a l - f a c t o r s come o u t t o b e 
1* --- 0 . 8 5 a n d Fj-^ =- 0 , 7 9 5 'hi 
Thus , t h e use-fiil he>at -from t h e s o l a r c o l l e c t o r s u s i n g a i r a s t r ie wcir I > nq 
- f l u id , may be e x p r e s s e d a s ^^  
Og - 0 . 9 7 5 S - 4 , 4 2 7 ( T Q - T ^ > ^'^ 
w i t h m C » 9 0 . 0 -for w a t e r i n p l a c e o-f a i r i n t h e c o l l e c t o r s , u-ie-ful h e a t 
•from t h e t u b u l a r c o l l e c t o r s may be c a l c u l a t e d -from 
Qg = 0 . 8 2 3 8 S - 3 . 7 3 9 <T^-Tg) ' S ' 
and t h a t -from an o r d i n a r y f l a t - p l a t e c o l l e c t o r w i t h two g l a s t i ovr r 1 ,nd 
s e l e c t i v e c o a t i n g can be c jb t a ined -from! 
D^ = 0,Bie56 B - 1 3 , 6 6 5 <T„-Tg) 
w h e r e , T^ i s th ie t e m p e r a t u r e o f t h e w o r k i n g - f l u i d a t t h p E- i t u f t h e s o l a r 
cel l 1 e r . t o r , 
and S IS s u l a r f l u x on an i n c l i n e d s u r f a c e ( -• L) . 
The a v e r a g e v a l u e o f s o l a r f l u x f r o m 1 A p r i l t o O c t o b e r 31 i s c a l c M l a t c i t f OID 
A l i g a r h (27 deg 5 N 1 a t . , 78 dpg4E l o n g . ) w h i c h comp o u t t o b i ' 
3=2476.577 a . n 
5. RESULTS AND DISCUSSION 
The NH-j-HoO absorption system components are designed using Lhe oroceciure 
given in C7,8 and 103. The rectifying column for the NH-,-H^O -^ v^ itF-m is 
designed using the method given in [14] for =3ieve-tre»' tower and the 
radiation heat transfer in the generator is calculated using tht method 
developed ih C15]. Figure 1 sKows plots of the absorber temperuiture ^Frsus 
evaporator temperatures for different concentrations of the liquid ammonia in 
the abfiorbor. The absorber temperature <"f^ ) is taten 8 dpg C higher thap the 
cooling WiJter temperature "^1",^ ,) C73,For the ammonia absorption '^\'-tem?, 
operating m the refrigeration mode, the concentrations of ammonia liquid X^ 
and Xy art? selected corresponding to T^ = T^^ + 8.0 and T^ -15 deq C. Thp 
space temperature for the air conditioning mode is taken to be 25 dt'u C, 
whereas, for tha refrigeration mode, it is taken as D deg C. 
The temperature of the hot fluid from the tubular- collector, entpfifui i he 
generator is assumed 110 deg C [73 for the A/C mode. For thr> svstem npei citing 
in refrigeration mode, since high generator temperatures are rpqinred, I-IIP 
temperature of the hot fluid entering the generyitor is tal-en as 145 de>:) u . 
The total cost of the absorption o/stem plus thp costs o-f '-si- i ar 
collectors and the cooling water (C„4. ) »re calculated for di f f er t-•n•^  values 
S L , S 
of T|_ and T^ keeping Xj, Xy and MR fixed. 
Figure 2 Shows variation in the costs of absorber , evapor ator, E?vdpD'--itDr 
plus absorber, solar collector, absorption ayotem and absorption Bys.tf-<m |))ivs 
solar collector and cooling water. The cost of absorber plus evapor .-.tor h^/ 
operating at low pressure show a minimum cost. The plots of absorption =.ys1 em 
cost (Cy^) and system plus operating costs <C i) show minimum --aluc"^  l/ut tht 
optimum Vcdues of T are shifted towards high temperature as compar&d to the 
one cor"reBponding to S. . 
Figure 3 shows plots of the component-costs operating at high prE-ssurE-, 
that is condenser and generator. The plots for S^, S and S do not '-hoi'. 
rtemarkable minimum cost but the plot of S ^^ shows a minimum value. Thu=, 
optimum values of T and hence, T are obtained at the mininiun. r.o<-=t i- ,^^ ^ 
i he 
F i gu r iS 4 shows p l o t s o f t h e c o s t (C ^ ^ ) f o r d i f f t ^ r t r n t v o l LIP' , of r^ ^^  
o b b a i n e d at t h e o p t i m u m c o n d e n s e r t e m p e r a t u r e s T .^ ^ u s i n q the; p r o eriur G 
d i s c u s s e d i n F i g . 3 . 
The op t imum ' v a l u e s o f T ^ and T^ o b t a i n e d as a b o v e , a r e t h e - . a t u r a - t i o n 
t e m p e r a t u r e s o f t h e r e f r i g e r a n t - a m m o n i a i n t h e e v a p o r a t o r and t o n d n n s F r . 
T h u s , t h e co r re -a ipond ing v a l u e s o f s a t u r a t i p n p r e s s u r e s can bfc o b t a i r i p r ' -'or 
ammonia -fram t h e t a b l e s o r e q u a t i o n s ) a v a i l a b l e i n t h e l i l c t l i u i - D . [n ' h e 
p r e s e n t s t u d y , t h e a b s o r b e r p r e s s u r e i s t a k e n e q u a l t o tht. ' pvrtpcjrai . o r 
pr-es '5ure and t h e c o n d e n s e r p r e s s u r e i s t a t - e n e q u a l t o t h e g o t i t ' r a t o r p r e ' ^ s i i f o . 
vvhich I S due t o t h e mass e q u i l i b r i u m . 
The o p t i m u m v a l u e s o f T|. i n F i g . 4 a r e t a b u l a t e d b e l o w : 
T a b l e 1 . Opt imum v a l u e s o f T c . o a t MR = 8 , 0 i n F i g . 4 
A i r c o n d i t i o n i n Q mode Ref r i i jgr a1 i un mocig 
T^^ =20deQ.C 2 5 d e g . C 70deg .C 2 0 d e g . C 2 5 d e g . C r n d e q . r 
34dKg.C 40deQ,C 415deQ.C 3 5 d e g . C 4 0 d e g . r .q rdeg.C 
NOMENCLATURE 
A^ Areei of solar Collector (m*') 
C Cost in rupees/specific heat <KJ/t'.g deg.C) 
COP Coefficient of pBrformancB 
F Collector efficiency 
Fr-, Heat removal factor 
L latitude angle (degree) 
MR Mass flow ratio of solution from the absorber and 
refrigerant in the evaporator (Kg/h per Kg of refrigerant) 
mC Heat capaci ty (t;j/h deg C) 
Q Rate of heat transfer (KJ/h) 
Q^ Useful energy from solar collector (KJ/hm2) 
S Solar flux on an inclined surface <^J/hm2) 
T Temperature (Kelvin) 
T Inlet temperature of cooling water ( deg C) 
T ambient temperature/absorber temperatureC deg C) 
U, Loss coefficient from the solar collector( W/m2 deg C 
X Concentration of Li Br salt (/) liquid ammonia per kilogram w(=ight of 
solution 
X,,Xy Concentration in the abaorber and generator respectively 
Y Concentration of ammonia in the vapour-phase (weight per I JIULJI an cf 
the mixture) 
/? Inclination of uolar collector (south facing) 
d; Inside diameter* 
H At the rate of 
Subscr1pt 
a absorber 
C condenser/capital 
e evaporator 
1 liquid 
0 Optimum/exit 
OS ordinary solar collector 
a Bol«r Collector 
st total cost of system plus operating cost 
ay By«t»m cornt 
ts tubular solar collector 
y yearly 
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